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T h e  N i n a  P r o p e r t y  i s  a l e a d - z i n c - s i l v e r - g e r m a n i u m  p r o s p e c t  
l o c a t e d  i n  n o r t h  c e n t r a l  B r i t i s h  C o l u m b i a .  I t  c o n s i s t s  of 
s e v e n  c l a i m s  ( 7 2  u n i t s )  and  o n e  f r a c t i o n a l  c l a i m  owned by 
E q u i n o x  R e s o u r c e s  L t d .  and  f o r  w h i c h  Daren  R e s o u r c e s  L t d .  
h a s  an  o p t i o n  t o  e a r n  a 5 0 %  i n t e r e s t  ( E q u i n o x - D a r e n  J o i n t  
V e n t u r e ) .  T h e  p r o p e r t y  i s  u n d e r l a i n  by a w e l l  bedded  
s e q u e n c e  of c a r b o n a t e  s t r a t a  o f  l a t e  S i l u r i a n  t o  M i d d l e  
D e v o n i a n  a g e  - a r o c k  p a c k a g e  commonly r e € e r r e d  t o  a s  t h e  
"Omineca  L i m e s t o n e  B e l t ' ' .  Work c a r r i e d  o u t  on  t h e  p r o p e r t y  
h a s  i n c l u d e d  g e o l o g i c a l ,  g e o c h e m i c a l  a n d  g e o p h y s i c a l  s u r v e y s  
a s  w e l l  a s  t r e n c h i n g  d o n e  a t  i n t e r v a l s  s i n c e  t h e  1 9 2 0 ' s .  

M i n e r a l i z a t i o n  c o n s i s t s  oE numerous  low g r a d e  s t r a t a b o u n d  
l e a d - z i n c  s h o w i n g s  l o c a t e d  w i t h i n  b r e c c i a t e d  and  d o l o m i t i z e d  
l i m e s t o n e s .  One s h o w i n g  r e t u r n e d  a s s a y s  a v e r a g i n g  5 %  z i n c  
and  1 . 3  o u n c e s  s i l v e r  p e r  t o n  a c r o s s  six m e t e r s  w h i l e  a t  
a n o t h e r  l o c a t i o n  a two m e t e r  s a m p l e  a s s a y e d  2 5 %  l e a d  a n d  3 
o u n c e s  s i l v e r  p e r  t o n .  Z i n c  o c c u r 5  a s  t h e  m i n e r a l  
s p h a l e r i t e  w h i c h  i t s e l f  c o n t a i n s  more t h a n  0 . 0 5 %  g e r m a n i u m  
on a v e r a g e .  T h i s  i s  a v e r y  h i g h  ge rman ium c o n t e n t  w h i c h ,  a 5  
a p r i c e  of a b o u t  $ 1 0 0 0  p e r  k i l o g r a m ,  makes i t  a key e c o n o m i c  
commodi ty .  No d r i l l i n g  h a s  y e t  been  c a r r i e d  o u t  i n  t h e  Nina  
Lake  a r e a  s o  t h e  t o n n a g e  p o t e n t i a l  of t h i s  e x p l o r a t i o n  
t a r g e t  r e m a i n s  t o  be t e s t e d .  

S m e l t e r s  c o n s i d e r  a n y t h i n g  o v e r  0 . 0 2 %  ( 2 0 0  ppm) ge rman ium of 
d i s t i n c t  e c o n o m i c  i n t e r e s t  a s  a b y - p r o d u c t  i n  z i n c  o r e .  
A s s u m i n g  a v a l u e  oE $ 1 0 0 0 / k g ,  0 . 0 5 %  g e r m a n i u m  c o n t e n t  i n  
z i n c  would  add  a b o u t  $ 5 0 0  p e r  t o n  t o  t h e  g r o s s  v a l u e  of a n y  
s p h a l e r i t e  i n  a c o n c e n t r a t e .  T h i s  h a s  t h e  p o t e n t i a l  t o  
e l e v a t e  c u r r e n t l y  d e f i n e d  z i n c  g r a d e s  t o  e c o n o m i c  l e v e l s  on 
t h e  N i n a  p r o p e r t y .  

E x c e l l e n t  p o t e n t i a l  e x i s t s  € o r  d e l i n e a t i n g  o r e  r e s e r v e s  by  
d r i l L i n g  down d i p  e x t e n s i o n s  o f  " e x p o s e d "  m i n e r a l i z a t i o n  on 
t h e  Nina  P r o p e r t y .  A p r o g r a m  i s  t h e r e E o r e  recommended t o  
t e s t  & o r  e x t e n s i o n s  of m i n e r a l i z e d  z o n e s  i n  t h e  N i n a  Lake 
a r e a  a n d  t o  d r i L 1  e x i s t i n g  m i n e r a l i z a t i o n  t o  d e t e r m i n e  
g r a d e s  and  t o n n a g e .  I t  i s  recommended t h a t  $ 1 0 0 , 0 0 0  be 
a l l o c a t e d  f o r  a S t a g e  I d r i l l i n g  p r o g r a m  a n d ,  c o n t i n g e n t  on 

N s u c c e s s f u l  r e s u l t s ,  $ 2 5 0 , 0 0 0  f o r  a S t a g e  I 1  d r i l l i n g  
p r o g r a m .  
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2 .  I N T R O D U C T I O N  

I n  e a r l y  1 9 8 6 ,  B e a t y  G e o l o g i c a l  L t d .  i d e n t i f i e d  
l e a d - z i n c - s i l v e r  m i n e r a l i z a t i o n  l o c a t e d  i n  t h e  v i c i n i t y  o f  
N i n a  L a k e  n e a r  G e r m a n s e n  L a n d i n g ,  B . C .  a s  a p r o s p e c t  w i t h  
p r e v i o u s l y  u n r e c o g n i z e d  p o t e n t i a l  t o  b e  a s i g n i f i c a n t  
g e r m a n i u m  s o u r c e .  F o l l o w - u p  work  i n  t h e  f a l l  showed  t h a t  
t h e  g e r m a n i u m  i s  a s s o c i a t e d  m a i n l y  w i t h  s p h a l e r i t e .  
F u r t h e r m o r e ,  i n  c o n c e n t r a t e  f o r m ,  t h e  z i n c  m i n e r a l i z a t i o n  
seems t o  c o n s i s t e n t l y  c a r r y  e c o n o m i c  v a l u e s  of  g e r m a n i u m  
m e t a l .  Work i n  t h i s  a r e a  by Cominco  L t d .  i n  t h e  e a r l y  
1970's h a s  i d e n t i f i e d  t h e  g e o l o g i c  s e t t i n g  a n d  
m i n e r a l i z a t i o n  c o n t r o l s ,  a n d  e x t e n s i v e  t r e n c h i n g  a t  t h a t  
t i m e  d e l i n e a t e d  s e v e r a l  h e a v i l y  m i n e r a l i z e d  s t r u c t u r e s .  

T h i s  r e p o r t  s u m m a r i z e s  t h e  r e s u l t s  of w o r k  p r o g r a m s  I 

c o m p l e t e d  a t  N i n a  L a k e  t o  d a t e  a n d  i n c l u d e s  r e c o m m e n d a t i o n s  
f o r  f u r t h e r  w o r k .  T h i s  s h o u l d  i n c l u d e  d e l i n e a t i n g  
l e a d - z i n c - g e r m a n i u m  o r e  by d r i l l i n g  down d i p  e x t e n s i o n s  t o  
s u r f  ace e x p o s u r e s ,  a n d  e x a m i n i n g  o t h e r  t a r g e t s  w i t h  
e x p l o r a t i o n  p o t e n t i a l .  

3 .  L O C A T I O N  A N D  ACCESS 

T h e  N i n a  p r o p e r t y  is l o c a t e d  2 0  km n o r t h w e s t  o f  G e r m a n s e n  
L a n d i n g  i n  n o r t h  c e n t r a l  B r i t i s h  C o l u m b i a .  G e o g r a p h i c a l l y  
t h e  c l a i m  b l o c k  i s  c e n t e r e d  a t  5 5 '  58 '  n o r t h  l a t i t u d e ,  124O 
4 7 '  west l o n g i t u d e  (N.T.S.  m a p - s h e e t  9 3 N / 1 5 ) .  E l e v a t i o n s  o n  
t h e  p r o p e r t y  r a n g e  b e t w e e n  900  a n d  1500  meters a . s . l .  
V e g e t a t i o n  v a r i e s  a c c o r d i n g  t o  e l e v a t i o n  a n d  s l o p e ,  a n d  i s  
i n  g e n e r a l  h e a v i l y  f o r e s t e d  w i t h  f i r  a n d  p i n e .  

Access is via a four-wheel drive road past N i n a  Lake from 
t h e  Germansen-Omineca  Road .  F i g u r e  1 s h o w s  t h e  N i n a  
p r o p e r t y  r e l a t i v e  t o  k e y  t o p o g r a p h i c  f e a t u r e s .  

4 .  ACKNOWLEDGEMENTS 

The  w r i t e r s  w o u l d  l i k e  t o  a c k n o w l e d g e  t h e  d a t a  p r o v i d e d  by 
o t h e r s  w h i c h  h a s  a s s i s t e d  i m m e n s e l y  i n  t h e  e v a l u a t i o n  o f  t h e  
N i n a  L a k e  a r e a .  We a r e  p a r t i c u l a r l y  g r a t e f u l  t o  B r u c e  Mawer 
o f  Cominco  L t d .  a n d  D r .  J.W.A. Monger  of  t h e  G e o l o g i c a l  
S u r v e y  o f  C a n a d a .  B o t h  Cominco  a n d  G.S.C. d a t a  h a v e  b e e n  
f r e e l y  i n c o r p o r a t e d  i n t o  t h i s  r e p o r t .  

5 .  HISTORY 

E x p l o r a t i o n  a c t i v i t y  i n  t h e  Omineca  L i m e s t o n e  Bel t  b e g a n  i n  
t h e  1920's. Many s h o w i n g s  h a v e  s i n c e  b e e n  f o u n d  a n d  m o s t  
h a v e  b e e n  s p o r a d i c a l l y  w o r k e d  t o  t h e  p r e s e n t .  Much o f  t h e  
w o r k  p r i o r  t o  t h e  e a r l y  1950's c o n s i s t e d  o f  p r o s p e c t i n g  p l u s  
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h a n d  a n d  h y d r a u l i c  t r e n c h i n g .  T h o u g h  v a r i o u s  c l a i m s  were 
h e l d  b y  s e v e r a l  c o m p a n i e s  a n d  i n d i v i d u a l s  n o  s i g n i f i c a n t  
w o r k  was c a r r i e d  o u t  u n t i l  1 9 7 3  w h e n  l a r g e  g r o u n d  p o s i t i o n s  
w e r e  a c q u i r e d  b y  C o m i n c o ,  C a n e x - P l a c e r ,  I m p e r i a l  O i l  a n d  
o t h e r s .  T h i s  a c t i v i t y  was i n i t i a t e d  b y  t h e  G e o l o g i c a l  
S u r v e y  o f  C a n a d a  ( M o n g e r  a n d  P a t e r s o n ,  1 9 7 4 )  f o l l o w i n g  a 
r e m a p p i n g  of t h e  r e g i o n .  T h e  G.S.C.  w o r k  s h o w e d  t h a t  
m i n e r a l i z e d  c a r b o n a t e s  l o c a t e d  i n  t h e  v i c i n i t y  of N i n a  L a k e  
were M i d d l e  D e v o n i a n  i n  a g e  r a t h e r  t h a n  P e r m i a n  o r  C a m b r i a n  
( C a c h e  C r e e k  G r o u p )  as p r e v i o u s l y  t h o u g h t ,  a n d  t h u s  a more 
f a v o u r a b l e  h o s t  r o c k .  W i t h  a v i e w  t o  t h e  p o s s i b i l i t y  of 
d e v e l o p i n g  l o w  g r a d e ,  l a r g e  t o n n a g e  o p e n  p i t  o r e  a 
c o n c e n t r a t e d  e x p l o r a t i o n  e f f o r t  was u n d e r t a k e n  e s p e c i a l l y  b y  
C o m i n c o .  Work d o n e  i n c l u d e d  e x t e n s i v e  g e o c h e m i c a l  s a m p l i n g  
a n d  g e o l o g i c a l  m a p p i n g ,  f o l l o w e d  b y  r o a d  a c c e s s  c o n s t r u c t i o n  
a n d  b u l l d o z e r  t r e n c h i n g .  W i t h  d e c l i n i n g  z i n c  p r i c e s  
i n t e r e s t  was g r a d u a l l y  l o s t  a n d  t h e  c l a i m s  were a l l o w e d  t o  
l a p s e .  

6 .  PROPERTY ------- 
T h e  N i n a  p r o p e r t y  c o n s i s t s  of s e v e n  f u l l  s i z e  m i n e r a l  c l a i m s  
a n d  o n e  f r a c t i o n a l  c l a i m  a s  s h o w n  o n  F i g u r e  2 .  T h e s e  a r e  
l o c a t e d  i n  t h e  O m i n e c a  M i n i n g  D i v i s i o n :  

E x p i r y  ------ R e c o r d  Date  ----------- R e c o r d  No. ----.------ C l a i m  ( U n i t s )  ------------- 
N i c a  
N i c a  
N i c a  
O m i  
O r n i  
O m i  
O m i  
O m i  

7 O C t .  1 9 8 6  
7 O c t .  1 9 8 6  

1 5  S e p .  1 9 8 7  
1 8  Dec. 1 9 8 6  
1 9  Dec. 1 9 8 6  
1 9  D e c .  1 9 8 6  
1 8  Dec. 1 9 8 6  
2 8  AUg. 1 9 8 7  

7 O c t .  1 9 8 9  

14 S e p .  1 9 9 0  
1 8  Dec. 1 9 8 9  
1 9  Dec. 1 9 8 9  
1 9  D e c .  1 9 8 9  
1 8  Dec. 1 9 8 9  

7 O C t .  1 9 8 9  

2 8  AUg. 1 9 9 0  

T h e  a b o v e  c l a i m s  a r e  r e g i s t e r e d  i n  t h e  n a m e  o f  E q u i n o x  
R e s o u r c e s  L t d .  

T h e  N i n a  p r o p e r t y  i s  l o c a t e d  n e a r  t h e  c e n t e r  o f  t h e  s o  
c a l l e d  " O m i n e c a  L i m e s t o n e  B e l t " .  T h i s  r e f e r s  t o  a l i n e a r  
z o n e  of s e d i m e n t s  a b o u t  1 2  k i l o m e t e r s  w i d e  a n d  1 7 5  
k i l o m e t e r s  l o n g  w h i c h  r u n s  b e t w e e n  J o h a n s e n  L a k e  i n  t h e  
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n o r t h  a n d  Manson L a k e  t o  t h e  s o u t h .  On t h e  e a s t  i t  i s  
b o u n d e d  by a P r o t e r o z o i c  m e t a m o r p h i c  c o m p l e x .  T h e  w e s t e r n  
e d g e  i s  c o v e r e d  by T r i a s s i c  v o l c a n i c s .  

The  "Omineca L i m e s t o n e  B e l t "  i s  a w e l l  b e d d e d  s e q u e n c e  of 
c a r b o n a t e  s t r a t a  a b o u t  300 m e t e r s  t h i c k .  T h e s e  r o c k s  w e r e  
s u b d i v i d e d  (Monger  a n d  P a t e r s o n ,  1 9 7 4 )  i n t o  t h e  f o l l o w i n g  
f i v e  s u b d i v i s i o n s  f r o m  o l d e s t  t o  y o u n g e s t .  

1. 

2 .  

3 .  

4. 

5 .  

S h e a r e d ,  l i g h t  g r e y ,  l o c a l l y  a r ' g i l l a c e o u s ,  f i n e  g r a i n e d  
l i m e s t o n e s , i n c l u d i n g  some d o l o m i t e .  

T h i n  b e d d e d ,  b l a c k  d o l o m i t e  a n d  d o l o m i t i c  l i m e s t o n e  
a b o u t  6 0  n t h i c k .  

Brown t o  d a r k  g r e y  c a l c a r e o u s '  p h y l l i t e  a n d  s l a t y  , 
p h y l l i t e  a b o u t  2 5  m t h i c k .  

D a r k  g r e y  a n d  g r e y ,  l a m i n a t e d ,  f e t i d  d o l o m i t e  
i n t e r b e d d e d  w i t h  r e p e a t i n g  u n i t s  o f  l i g h t  g r e y ,  f a i r l y  
m a s s i v e  d o l o m i t e  c o n t a i n i n g  a l g a l  b a l l s  w i t h  c o n c e n t r i c  
s t r u c t u r e  f r o m  1 t o  2 cm, a n d  d a r k  g r e y  a l g a l a m i n a t e  
d o l o m i t e  c o n t a i n i n g  r i n g s  f i l l e d  w i t h  w h i t e  c r y s t a l l i n e  
d o l o m i t e .  The  m a s s i v e  b e d s  a r e  f r o m  1 t o  2 m t h i c k ,  
w h e r e a s  t h e  a l g a l a m i n a t e  b e d s  a v e r a g e  a b o u t  120  m.  

D a r k  g r e y  c r i n o i d a l  d o l o m i t e  a n d  s a n d y  d o l o m i t e ,  
p o s s i b l y  a b o u t  100 m t h i c k ,  c o n t a i n s  c r i n o i d  c o l u m n s  
w i t h  t w i n  a x i a l  c a n a l s .  T h e  s a n d y  d o l o m i t e  c o n t a i n s  
s c a t t e r e d  q u a r t z  g r a i n s ,  p o s s i b l y  of  w i n d b l o w n  o r i g i n ,  
i n  t h e  d o l o m i t e  m a t r i x .  

F i g u r e  3 i s  a n  i d e a l i z e d  s t r a t i g r a p h i c  s e c t i o n .  T h e  
s e q u e n c e  r e s e m b l e s  s t r u c t u r e s  of L a t e  S i l u r i a n  to M i d d l e  
D e v o n i a n  a g e  l o c a t e d  i n  t h e  M c D a m e  a rea  t o  t h e  n o r t h w e s t  i n  
t h e  Cass i a r  M o u n t a i n s .  I t  i s  u n i t  E w h i c h  i s  h o s t  t o  
l e a d - z i n c  m i n e r a l i z a t i o n .  T h e  a g e s  of  r o c k  u n i t s  w i t h i n  
t h i s  b e l t  v a r y  f r o n  U p p e r  T r i a s s i c  e l a t e s  a n d  g r e e n s t o n e s  i n  
t h e  v i c i n i t y  of  Manson C r e e k  t h r o u g h  O r d o v i c i a n  t o  M i d d l e  
D e v o n i a n  c a r b o n a t e s  ( w i t h  o v e r l y i n g  P e r m o - P e n n s y l v a n i a n  
s h a l e s  a n d  v o l c a n i c s )  i n  t h e  N i n a  La'ke a r e a  t o  t h e  M i d d l e  
P e n n s y l v a n i a n  c a r b o n a t e s ,  c h e r t s ,  p h y l l i t e s ,  c o n g l o m e r a t e s  
a n d  v o l c a n i c s  i n  t h e  Lay  R a n g e  t o  t h e  n o r t h .  The  g e n e r a l  
g e o l o g y  of t h e  N i n a  p r o p e r t y  a r e a  i s  shown on  F i g u r e  5 ( i n  
p o c k e t ) .  T h i s  map s h o w s  t h e  m a i n  r o c k  c o n t a c t s  a n d  
s t - r u c t u r a l  f e a t u r e s .  N i n a  L a k e  a r e a  s t r a t a  f o r m  a 
h o m o c l i n a l  s u c c e s s i o n ,  i n t e r r u p t e d  by f a u l t i n g  a n d  f o l d i n g  
t h a t  d i p s  w e s t w a r d  f r o m  t h e  h i g h  g r a d e  m e t a m o r p h i c  a x i s  o f  
t h e  W o l v e r i n e  V o l c a n i c  Complex .  
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7 .2 Mine r a 1 i z a t i on  

3 

Y 

41 

M i n e r a l i z e d  s h o w i n g s  i n  t h e  v i c i n i t y  of  N i n a  L a k e  ( s ee  
F i g u r e  5 )  g e n e r a l l y  o c c u r  a s  s e m i - c o n t i n u o u s  z o n e s  w i t h i n  a 
r e l a t i v e l y  n a r r o w  p a r t  o f  t h e  1 4 i d d l e  D e v o n i a n  s t r a t i g r a p h y .  
W h i l e  t h e  a v e r a g e  g r a d e  i s  low ( a v e r a g i n g  3-4% l e a d - z i n c ) ,  
l o c a l l y  h i g h  g r a d e  a r e a s  h a v e  d e v e l o p e d .  T h e  s u l p h i d e s  a r e  

m o d e r a t e  s c a l e  f a u l t i n g .  
m a i n l y  s t r a t a b o u n d  b u t  t h e  m a i n  l o c a l i z i n g  f a c t o r  i s  

T h e  z i n c  o c c u r s  p r i m a r i l y  a s  o r a n g e  s p h a l e r i t e .  L o c a l  h i g h  
g r a d e  l e n s e s  o c c u r  i n  r e l a t i v e l y  w i d e  f a u l t  z o n e s .  T race  
a m o u n t s  o f  y e l l o w  s p h a l e r i t e  h a v e  b e e n  o b s e r v e d  a s  a l a t e  
s t a g e  v e i n  m a t e r i a l  a s s o c i a t e d  w i t h  q u a r t z  a n d  b a r i t e .  
G a l e n a  i s  v e r y  s p o r a d i c .  Two a r e a s  c o n t a i n  s u f f i c i e n t l y  , 
w e l l  d e v e l o p e d  m i n e r a l  s h o w i n g s  t o  mer i t  d r i l l i n g :  t h e  
B iddy- Jemima  a n d  West V e r n o n  a r e a s  a s  d e s c r i b e d  b e l o w .  

7 . 2 . 1  B i d d y  Area 

T r e n c h i n g  i n  t h i s  a r ea  ( s e e  F i g u r e  6 )  h a s  l o c a t e d  a 
number  of  m i n e r a l i z e d  s h o w i n g s  - a l l  a r e  s t r u c t u r a l l y  
c o n t r o l l e d  i n  a n a r r o w  z o n e .  S p h a l e r i t e  o c c u r s  as  
o r a n g e  g r a i n s  a n d  p a t c h e s  d i s s e m i n a t e d  i n :  

J 
1) o r i g i n a l  p o r o u s  z o n e s  s u c h  a s  s a n d s t o n e s  a n d  

a r e n a c e o u s  d o l o m i t e  i n  T r e n c h  13 a r e a  (1.5% Zn 
a c r o s s  10  m ,  r e p r e s e n t i n g  a b o u t  2 . 5  m o f  t r u e  
s e c t i o n ) .  

iY 

ty 

13 

, 

2 )  t e c t o n i c a l l y  p r e p a r e d  p o r o u s  - p e r m e a b l e  z o n e s  
s u c h  as  t h e  " i m p r e g n a t e d  d o l o m i t e "  b r e c c i a  i n  t h e  
' * p i t "  area ( 1 . 2 %  Zn over  lorn). 

R e m o b i l i z a t i o n  a l o n g  f a u l t s  a n d  f r a c t u r e s  h a s  f u r t h e r  
c o n c e n t r a t e d  t h e  s p h a l e r i t e  i n  s e l e c t e d  a r e a s  s u c h  a s  
w h e r e  a n  ea s t -wes t  f a u l t  c u t s  a c r o s s  t h e  C e n t r e  P i t  
( 1 . 9 5 %  Zn,  1 . 2 5 %  Pb a c r o s s  1 m )  a n d  a t  t h e  n o r t h  ( r o a d )  
e n d  o f  T r e n c h  4 5  ( 3 . 5 %  Zn o v e r  1 m ) .  T h e s e  a s s a y s  a r e  
a c r o s s  f a u l t  b r e c c i a s  t h a t  c l o s e l y  r e s e m b l e  t h e  " c r u s h  
b r e c c i a "  of  t h e  E a s t  V e r n o n  a r e a .  T h e  s u r f a c e  s h o w i n g  
a t  t h e  n o r t h  e n d  o f  T r e n c h  4 5  i s  a p p r o x i m a t e l y  1 2  m 
l o n g  by 3 m w i d e .  T h i s  s h o w i n g  i s  l i k e l y  r e l a t e d  t o  a 
s i m i l a r  s h o w i n g  40 m s o u t h  i n  t h e  same s t r a t i g r a p h i c  
h o r i z o n  ( j u n c t i o n  o f  T r e n c h e s  13 a n d  45). E l s e w h e r e  i n  
t h e  B i d d y  a r e a ,  m i n o r  m i n e r a l i z a t i o n  o c c u r s  a s  t r a c e  
s p e c k s  a n d  s e c o n d a r y  o x i d e s  i n  s u i t a b l y  p r e p a r e d  z o n e s  
( s h r i n k a g e  b r e c c i a ,  j o i n t s ,  e t c . ) .  

J 

Y 
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T h e  b e s t  s h o w i n g  o n  t h e  N i n a  P r o p e r t y  i s  t h e  J e m i m a  
o c c u r e n c e  ( M u r r a l l  a n d  P e d l e y ,  1 9 7 6 ) .  Here d a r k  o r a n g e  
s p h a l e r i t e  w i t h  r o u n d e d  f r a g m e n t s  of  d a r k  d o l o m i t e  i s  
f o u n d  i n  s e v e r a l  h a n d  t r e n c h e s  a c r o s s  6 0  m .  T h e  
c o n t r o l l i n g  f a u l t  t r e n d s  t o w a r d  t h e  B i d d y  a r e a  a n d  t h e  
t w o  a r e  l i k e l y  c o n t i n u o u s .  T h e  Biddy-Jemima c o n n e c t i o n  
i s  a p r i m e  t a r g e t  f o r  d e v e l o p i n g  o r e  r e s e r v e s  by 
d r i l l i n g .  

7 . 2 . 2  West V e r n o n  Area 

S u l p h i d e  m i n e r a l i z a t i o n  i n  t h e  West V e r n o n  a r e a  ( s e e  
F i g u r e  7 )  vas t e s t e d  by n u m e r o u s  t r e n c h e s ,  a t t e m p t i n g  
t o  i d e n t i f y  e x t e n s i o n s  of  known s h o w i n g s .  An e x c e l l e n t  
s h o w i n g  " A "  i s  a l a r g e  pod  of  l e a c h e d  a n d  b r e c c i a t e d  

l a r g e  w h i t e  z o n e  w h i c h  i s  4 0  m l o n g  by 1 5  m w i d e .  
M i n e r a l i z a t i o n  i s  c o n s i s t e n t l y  b e t w e e n  5 a n d  7% Zn w i t h  
s i l v e r  t o  2 o z . / T .  A p i p e - l i k e  c o n f i g u r a t i o n  i s  
i n f e r r e d  w i t h i n  a m a j o r  eas t -wes t  s t r i k e  s l i p  f a u l t .  
D r i l l  t e s t i n g  o f  t h i s  t a r g e t  i s  r ecommended .  

s p h a l e r i t e  i n  a r e n a c e o u s  d o l o m i t e .  I t  o u t c r o p s  as a I 

The  s h o w i n g  i n  T r e n c h  7 i s  a p p r o x i m a t e l y  10 m w i d e  a n d  
c o n t a i n s  p a t c h y  s p h a l e r i t e  w i t h  some g a l e n a .  V a l u e s  t o  
6% c o m b i n e d  l e a d - z i n c  a l o n g  4 m a r e  p r e s e n t  i n  a 
s h a t t e r e d  b l a c k  d o l o m i t e .  T h e  f a u l t  d i e s  o f f  t o  t h e  
n o r t h .  

The  s h o w i n g  i n  T r e n c h  3 r e s e m b l e s  t h e  g a l e n a  s h o w i n g s  
i n  b o t h  T r e n c h  1 9  a n d  T r e n c h  4 6  ( E a s t  V e r n o n ) .  G a l e n a  
a n d  b a r i t e  a r e  p r e s e n t  w i t h  g r e e n i s h  " a r g i l l i t e " .  
N u g g e t s  of  o x i d i z e d  g a l e n a  a r e  s c a t t e r e d  t h r o u g h  a 
l e a c h e d ,  r u s t y  " g r u n g e "  z o n e  b e n e a t h  t h e  a r g i l l a c e o u s  
layer. Lead values are  fairly consistent on t h e  s o u t h  
p a r t  of t h e  t r e n c h .  T h e  w a l l  a v e r a g e s  8% Pb ( n o  Z n )  
o v e r  a n  a r e a  o f  1 2  m x 2 m a n d  t h i s  c o n s i s t e n c y  i s  
p r o b a b l y  d u e  t o  r e p r e c i p i t a t i o n  a f t e r  l e a c h i n g .  T h e  
d e t a i l e d  g e o l o g y  i s  c o m p l e x .  No e x t e n s i o n  w a s  
d i s c o v e r e d  by t r e n c h i n g .  

A s c a t t e r i n g  o f  o t h e r  s h o w i n g s  a r e  m i n o r  o c c u r e n c e s  o f  
d i s s e m i n a t e d  o r a n g e  o r  y e l l o w  s p h a l e r i t e  g r a i n s ,  o r  
s m a l l  s h e a r s  o f  b a r i t e  a s s o c i a t e d  w i t h  g a l e n a .  Mos t  
a p p e a r  t o  be  l a t e  s t a g e  f e a t u r e s .  

mi 
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7 . 3  I n t e r p r e t a t i o n  

S p e c u l a t i o n  a s  t o  t h e  o r i g i n  of  m i n e r a l i z a t i o n  a t  N i n a  L a k e  
i s  b a s e d  o n  t h e  o p i n i o n s  a n d  c o n c l u s i o n s  of v a r i o u s  
g e o l o g i s t s  who h a v e  w o r k e d  i n  t h i s  r e g i o n .  A f a c i e s  
i n t e r p r e t a t i o n  o f  t h i s  g e o l o g i c a l  e n v i r o n m e n t  is shown 
s c h e m a t i c a l l y  i n  F i g u r e  4 .  

T h e  s t r a t i g r a p h i c  c o l u m n  s h o w s  a s e r i e s  of  t r a n s g r e s s i o n s  
a n d  r e g r e s s i o n s  o f  P r o t e r o z o i c  s e a .  P r i o r  t o  a m a j o r  
u n c o n f o r m i t y  d u r i n g  H i s s i s s i p p i a n  t i m e  t h e  l a n d  mass 
e x t e n d e d  t o  t h e  e a s t  n e a r  t h e  B . C . - A l b e r t a  b o r d e r .  T h e  
s a n d s t o n e s  a n d  c l a s t i c s  i n  t h e  s t r a t i g r a p h i c  c o l u m n  
r e p r e s e n t  m a t e r i a l  d e r i v e d  f r o m  t h i s  l a n d  mass. The  s h a l e s  , 
a n d  c a r b o n a t e s  a r e  o f  s h a l l o w  w a t e r  d e r i v a t i o n  w h i c h  i s  
shown by t h e  a b u n d a n c e  of  a l g a e  a n d  a l g a l  mats .  No e v i d e n c e  
o f  r e e f  d e v e l o p m e n t  i s  p r e s e n t  i n  t h i s  a r e a  a l t h o u g h  l o c a l  
c o  l o n i a  1 a n d  s o l i t a r y  c o r a l s  a r e  p r e s e n t .  A m a j o r  
u n c o n f o r m i t y  a t  t h e  e n d  o f  t h e  Lower  C a m b r i a n  s e c t i o n  was 
f o l l o w e d  by a n  o v e r a l l  m a j o r  t r a n s g r e s s i o n  d u r i n g  O r d o v i c i a n  
t o  M i d d l e  D e v o n i a n  t i m e s .  T h i s  m a j o r  t r a n s g r e s s i o n  
c o n t a i n e d  s e v e r a l  s m a l l e r  t r a n s g r e s s i o n s  a n d  r e g r e s s i o n s .  
D u r i n g  t h e  l a s t  m a j o r  w i t h d r a w a l  o f  t h e  s ea  t o  t h e  wes t ,  t h e  
s a n d s t o n e s  a n d  s h a l l o w  w a t e r  s e d i m e n t s  were d e p o s i t e d  t h a t  
now h o s t  t h e  N i n a  P r o p e r t y  m i n e r a l i z e d  z o n e s .  

T h e  P e n n s y l v a n i a n  P e r i o d  saw t h e  d e v e l o p m e n t  of  t h e  Omineca 
G e a n t i c l i n e  t o  t h e  wes t  of  t h e  N i n a  a r e a .  Much of  t h e  
m a t e r i a l  c o m p r i s i n g  t h e  P e n n s y l v a n i a n  is d e r i v e d  f r o m  t h i s  
g e a n t i c l i n e .  T h e  P e r m i a n  r e p r e s e n t s  a t r a n s i t i o n  f r o m  
s e d i m e n t a r y  . t o  s u b - a e r i a l  d e p o s i t i o n  a n d  t h e  P e r m i a n  
v o l c a n i c s  are s u b - a e r i a l .  

Of p a r t i c u l a r  i n t e r e s t  t o  m i n e r a l i z a t i o n  o n  t h e  N i n a  c l a i m  
g r o u p  i s  t h e  M i d d l e  D e v o n i a n  j u s t  b e l o w  t h e  u n c o n f o r m a b l e  
c o n t a c t  w i t h  t h e  P e n n s y l v a n i a n  a r g i l l i t e s  a n d  s l a t e s .  A l l -  
t h e  l e a d - z i n c  s h o w i n g s  i n  t h e  N i n a  a r e a  a r e  f o u n d  50-75 m 
s t r a t i g r a p h i c a l l y  b e l o w  t h i s  c o n t a c t .  T h i s  i n t e r v a l  
c o n s i s t s  m a i p l y  o f  medium g r e y  f i n e - g r a i n e d  d o l o m i t e  b u t  h a s  
l o c a l  i n t e r b e d s  o f  a r e n a c e o u s  d o l o m i t e  g r a d i n g  t o  s a n d s t o n e ,  
a l l  g r a d i n g  i n t o  m a s s i v e  a n d  c r i n o i d a l  l i m e s t o n e  n e a r  t h e  
u p p e r  u n c o n f o r m a b l e  c o n t a c t .  E x c e p t  f o r  t h e  u p p e r  
l i m e s t o n e ,  t h e s e  u n i t s  a r e  p r e s e n t  v e r y  i r r e g u l a r l y  t h r o u g h  
t h e  s e c t i o n ,  a n d  o f t e n  t h e y  c a n n o t  b e  c o r r e l a t e d  f r o m  t r e n c h  
t o  t r e n c h  o v e r  a 7 5  meter  i n t e r v a l  ( B i d d y  a r e a ) .  T h e y  
i n t e r f i n g e r  a n d  o v e r l a p  as  m i g h t  b e  e x p e c t e d  i n  a r e l a t i v e l y  
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s h a l l o w  w a t e r  e n v i r o n m e n t .  T h e  s a n d  g r a i n s  h a v e  b e e n  
i n t e r p r e t e d  t o  be  o f  e o l i a n  s o u r c e ,  h a v i n g  b e e n  b lown  o u t  t o  
s e a  a n d  s e t t l e d  i n t o  t h e  c a r b o n a t e  e n v i r o n m e n t .  No r e e f  
b u i l d u p  is e v i d e n t .  

C o m p l i c a t i n g  t h i s  p i c t u r e  is a l a t e - s t a g e  d e v e l o p m e n t  of 
w h i t e  t o  cream d o l o m i t e  b r e c c i a  ( c a l l e d  " i m p r e g n a t e d  
do l o m i  t e '' o n  t h e  t r e n c h  map) .  T h e s e  a r e  l a r g e ,  
c r o s s - c u t t i n g  p o d s  of  g r e y  d o l o m i t e  b r e c c i a  f r a g m e n t s  
c e m e n t e d  o r  r e p l a c e d  by w h i t e  d o l o m i t e .  L o c a l l y  t h e  
r e p l a c e m e n t  i s  a l m o s t  c o m p l e t e  t o  g i v e  a n  o v e r a l l  w h i t e  t o  
cream b r e c c i a  l o o k i n g  r o c k  t y p e  t h a t  c o n t a i n s  n o  v i s i b l e  

s o m e t i m e s  f o u n d  w i t h i n  t h e s e  z o n e s .  S m a l l ,  l o c a l  p o d s  of  
b r e c c i a  a r e  common a n d  a r e  i n t e r p r e t e d  as  b e i n g  s h r i n k a g e  , 
b r e c c i a s ,  f o r m e d  by t h e  vo lume  r e d u c t i o n  o f  l i m e s t o n e  d u r i n g  
d o l o m i t i z a t i o n .  

g r e y  b r e c c i a  f r a g m e n t s .  D i s s e m i n a t e d  s p h a l e r i t e  i s  

7.4 Trace  E l e m e n t  C o n s i d e r a t i o n s  

The  p r i m a r y  o b j e c t i v e  of  t h e  f a l l  1986 f i e l d  p r o g r a m  a t  Nina 
L a k e  was a n  e v a l u a t i o n  of  t r a c e  e l e m e n t  v a l u e s  ( e s p e c i a l l y  
g e r m a n i u m )  i n  known z i n e  s u l p h i d e  m i n e r a l i z a t i o n .  H i g h  z i n c  
a n d  g e r m a n i u m  v a l u e s  were i n d i c a t e d  f r o m  e a r l i e r  s a m p l i n g  
a n d  i t  was e s s e n t i a l  t o  know i f  t h e  e l e v a t e d  l e v e l s  were a 
g e n e r a l  c h a r a c t e r  of  s p h a l e r i t e  f r o m  t h e  p r o p e r t y  a n d  t h e  
r a n g e  of  g e r m a n i u m  l e v e l s  t h a t  c o u l d  b e  e x p e c t e d  i n  a n y  z i n c  
c o n c e n t r a t e  o b t a i n e d  f r o m  t h i s  a r e a .  T a b l e  I b e l o w  i s  a 
l i s t i n g  o f  p e r t i n e n t  d a t a  f r o m  r e p r e s e n t a t i v e  s a m p l e s .  

TABLE I 

N i n a  L a k e  Area - Trace  E l e m e n t  Data  

E s t .  Ge (ppm)  G e  c o n .  
S a m p l e  Area Z i n c  % Ge(ppm) Ga(ppm)  60% Zn Con. V a l u e 3  

11 B i d d y  1 . 0 1  3 0  -- 1782 $1889 
14 B i d d y  . O l  a 0  -- 
19 B i d d y  4.57 40 525 556 
16 V e r n o n 1  -- 120 260 -- -- 
17 V e r n o n  4.67 7 0  905 959 
0 2  Donna2 4.11 50 730  739  

-- -- 
-- 
-- -- 

a v e r a g e  872 $ 924 

1. P y r i t e  r i c h  s a m p l e  w i t h  n o  z i n c  b u t  n o t a b l e  b e c a u s e  o f  v e r y  
h i g h  g a l l i u m  c o n t e n t .  

2. From o f f  p r o p e r t y  b u t  f r o m  same m i n e r a l i z e d  b e l t .  

3 .  G r o s s  z i n c  c o n c e n t r a t e  g e r m a n i u m  v a l u e  a s s u m i n g  c u r r e n t l y  
l i s t e d  p r i c e  of  $1060 ( U . S . )  p e r  k i l o g r a m  G e  me ta l  
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V a l u e  c a l c u l a t i o n s  i n  T a b l e  I a s s u m e  t h a t  g e r m a n i u m  i s  
c o n t a i n e d  i n  a t y p i c a l  z i n c  ( 6 0 %  m e t a l )  c o n c e n t r a t e  a n d  
w o u l d  b e  o b t a i n e d  a s  a s m e l t e r  b y - p r o d u c t .  L e v e l s  g r e a t e r  
t h a n  200 ppm a r e  o f  i n t e r e s t  t o  s m e l t e r s .  T h e  h i g h  g a l l i u m  
v a l u e  ( s a m p l e  1 6 )  comes  f r o m  a p y r i t i c  r o c k  w i t h  n o  
s i g n i f i c a n t  z i n c  c o n t e n t .  

Two m a i n  c o n c l u s i o n s  a r e  a p p a r e n t  f r o m  t h e  t r a c e  e l e m e n t  
work  c a r r i e d  o u t  a t  N i n a  L a k e .  T h e s e  a r e :  

1. Z i n c  m i n e r a l i z a t i o n  f r o m  t h e  N i n a  p r o p e r t y  c o n s i s t e n t l y  
c a r r i e s  h i g h  a n d  p o s s i b l y  e c o n o m i c  l e v e l s  o f  g e r m a n i u m .  
I t  w o u l d  b e  s a f e  t o  a s s u m e  a 500 ppm a v e r a g e  f o r  t h e  
g e r m a n i u m  c o n t e n t  of  N i n a  s p h a l e r i t e .  

2 .  P o t e n t i a l  e x i s t s  f o r  g a l l i u m  a s s o c i a t e d  w i t h  iron 
s u l p h i d e .  T h i s  p o s s i b i l i t y  s h o u l d  b e  t e s t e d  in t h e  
f u t u r e .  

6 .  GEOCHEMISTRY 

F u t u r e  p r o s p e c t i n g  work  in t h e  N i n a  p r o p e r t y  v i c i n i t y  s h o u l d  
r e l y  h e a v i l y  on g e o c h e m i s t r y  w h i c h  h a s  p r o v e n  e f f e c t i v e .  
The  r e l a t i v e  a b s e n c e  o f  o u t c r o p  o r  a s s o c i a t e d  f l o a t  i n  t h e  
m i n e r a l i z e d  b e l t  makes  t h i s  t h e  mos t  v i a b l e  i n d i r e c t  
p r o s p e c t i n g  m e t h o d .  W h i l e  f a l s e  a n o m a l i e s  c a n  o c c u r  t h i s  
s u r v e y  t e c h n i q u e  h a s  s u c c e s s f u l l y  d e l i n e a t e d  z o n e s  l a t e r  
e x p o s e d  by t r e n c h i n g .  P r e v i o u s  g e o c h e m i c a l  w o r k  i n  t h i s  
r e g i o n  h a s  d e f i n e d  b a c k g r o u n d ,  t h r e s h o l d  a n d  a n o m a l o u s  
v a l u e s  ( M u r r e 1 1  a n d  P e d l e y ,  1 9 7 6 ) .  

9. GEOPHYSICS 

I n  t h e  f a l l  o f  1 9 8 6  a n  o r i e n t a t i o n  VLF-EM s u r v e y  was c a r r i e d  
o u t  a c r o s s  s t r o n g  m i n e r a l  s h o w i n g s  a t  N i n a  L a k e .  The  o b j e c t  
was t o  e v a l u a t e  EM a s  a n  e x p l o r a t i o n  t o o l .  The  s u r v e y  w a s  
n o t  s u c c e s s f u l .  S p h a  l e  r i t e ,  t h e  p r i m a r y  m i n e r a l  of 
i n t e r e s t ,  i s  a p o o r  c o n d u c t o r  a n d  g r a p h i t e  i s  common i n  t h e  
a r ea  - a s o u r c e  of  f a l s e  a n o m a l i e s .  I t  i s  n o t ,  t h e r e f o r e ,  
recommended t h a t  a n y  a d d i t i o n a l  e l e c t r o m a g n e t i c  work  be 
c a r r i e d  o u t .  
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10.  T R E N C H I N G  

Cominco L t d .  c a r r i e d  o u t  a b u l l d o z i n g  p r o g r a m  i n  1 9 7 6  w i t h  
t h e  f o l l o w i n g  o b j e c t i v e s :  

1. T o  b e t t e r  e x p o s e  known s h o w i n g s  t o  i m p r o v e  
u n d e r s t a n d i n g  o f  t h e  g e o l o g i c a l  c o n t r o l  i n  a d d i t i o n  t o  
d e t e r m i n i n g  t h e  e x t e n t  a n d  g r a d e  o f  m i n e r a l i z a t i o n .  

2 .  To t e s t  f o r  t h e  s u p p o s e d  c o n t i n u i t y  of  m i n e r a l i z a t i o n  
b e t w e e n  s h o w i n g s  t h a t  were e x p o s e d  i n  o l d  h a n d  
t r e n c h e s .  

3 .  To t e s t  for p o s s i b l e  e x t e n s i o n s  of  m i n e r a l i z a t i o n  
b e n e a t h  c o v e r e d  z o n e s .  

I 

4 .  T o  t e s t  g e o c h e m i c a l  a n o m a l i e s  a n d  g e o l o g i c a l  t a r g e t s  by 
r e v e a l i n g  t h e  b e d r o c k .  

T r e n c h e s  were mapped a t  a s c a l e  of  1 i n c h  = 40 f e e t  a n d  
s a m p l e d  when Pb /Zn  m i n e r a l i z a t i o n  was p r e s e n t .  T h e  s e p a r a t e  
t r e n c h  d a t a  were t h e n  s u m m a r i z e d  a n d  c o r r e l a t e d ,  w h e r e  
p o s s i b l e ,  o n  1 i n c h  = 100 f e e t  maps .  Mos t  t r e n c h e s  were 
b a c k  f i l l e d  w h i l e  some w h i c h  c o i n c i d e d  w i t h  r o a d s  were " l e f t  
o p e n " .  

T h e  t r e n c h i n g  p r o g r a m  w a s  s u c c e s s f u l  as f a r  a s  i t  w e n t .  
A l t h o u g h  mos t  t r e n c h e s  were b a c k f i l l e d  t o  s a t i s f y  
r e c l a m a t i o n  r e q u i r e m e n t s ,  s e v e r a l  c r i t i c a l  t o  g e o l o g i c  
i n t e r p r e t a t i o n  i n c l u d i n g  n u m b e r s  3 ,  4 8 ,  1 4 ,  a n d  2 2  ( f r o m  
s o u t h  t o  n o r t h )  a r e  o p e n .  T h e  J e m i n a  s h o w i n g s ,  e x p o s e d  by  
e a c h  h a n d  t r e n c h i n g ,  i n  f a c t ,  were  n e v e r  c o v e r e d  by Cominco  
c l a i m s  a n d  c o n s e q u e n t l y  o m i t t e d  f r o m  t h e  1973-74  b u l l d o z i n g  
program. 

11. E C O N O M I C  E V A L U A T I O N  

T h e  b e s t  z i n c  o c c u r r e n c e  s o  f a r  d e l i n e a t e d  o n  t h e  N i n a  
p r o p e r t y  ( " A "  s h o w i n g )  c o n s i s t s  o f .  a l a r g e  pod 4 0  meters 
l o n g  a n d  1 5  meters  w i d e ,  c o n t a i n i n g  b e t w e e n  5 a n d  7 %  z i n c  
a n d  u p  t o  2 o z .  s i l v e r / T .  Uere a p i p e  l i k e  g e o m e t r y  i s  
i n f e r r e d .  Numerous  low g r a d e  z i n c  s h o w i n g s  ( + 3 % )  o c c u r .  
S t r a t a b o u n d  m i n e r a l i z a t i o n  on  o n e  s h o w i n g  r e t u r n e d  a s s a y s  
a v e r a g i n g  5% z i n c  a n d  1 . 3  o z .  s i l v e r / T  a c r o s s  a s i x  meter 
t h i c k n e s s  a n d  o v e r  a 4 5  meter s t r i k e  l e n g t h .  

Given  d a t a  a v a i l a b l e  a t  t h i s  t ime ,  i t  i s  r e a s o n a b l e  t o  
a s s u m e  a 500 ppm ( r a n g e  480  - 1780 ppm) a v e r a g e  c o n t e n t  o f  
g e r m a n i u m  i n  s p h a l e r i t e  f r o m  t h i s  p r o p e r t y .  I f  t h e  a v e r a g e  
g r a d e  were 4% z i n c  t h e n  a t o n n e  o f  o r e  w o u l d  c o n t a i n  a b o u t  
35 ppm g e r m a n i u m .  T h e  p r i c e  f o r  g e r m a n i u m  i s  u s u a l l y  q u o t e d  
a s  $1060 ( U . S . ) / k g .  I n  a t o n n e  of c o n c e n t r a t e  r u n n i n g  6 0 %  
z i n c  a n d  500  ppm g e r m a n i u m ,  t h e  g r o s s  v a l u e  o f  c o n t a i n e d  
z i n c ,  a t  c u r r e n t  p r i c e s ,  w o u l d  b e  ( @ 0 . 4 5 c / l b )  $ 5 9 5  o r  a b o u t  
$ 6 0 0  w h i l e  t h e  g e r m a n i u m  w o u l d  b e  w o r t h  $ 5 0 3  o r  a b o u t  $500. 
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Cominco's Trail smelter considers anything over 2 0 0  ppm in a 
zinc concentrate to be of distinct economic interest from a 
by-product point-of-view. The richest primary ore source 
currently being mined is Pennarroya's St. Salvy mine in 
France which has between 600-800 ppm germanium in the 
concentrate. 

The gross value of "ore" from the Nina property assuming 4 %  
zinc, 1% lead, 1.2 oz/T silver and 35 ppm germanium would be 
approximately $85 (US)/T at today's metal prices. This is 
well within*.potentially economic parameters €or an open pit 
mining operation. On this basis further exploration appears 
warranted to verify grade and establish tonnage reserves on 
the Nina property. 

12. RECOMMENDED P R O G R A M  ---------___------- 
The following is a summary of a recommended exploration 
program to further test the property's potential. The 
program is staged to permit a review of data prior to a 
major commitment of funds. 

Diamond drilling (BQ wireline) 
8 x 100 m holes for 800 m 
800 m @ $100/m (all-up cost) 

Drill collar survey and base map 

Engineering and supervision 

C o n t i n g e n c i e s  

Total Stage I 

80,000 

3,500 

10,000 

10,000 

$100,000 

--------- 

I 
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STAGE I 1  

Assume program of trenching and diamond 
drilling contingent upon result of 
Stage I work 

T o tal Stage I and I 1  -------- $350,000 

7 January 1988 

YY 
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T H I N  SECTION DESCRIPTIONS 

SUMMARY 

S a m p l e  1701 Galena f r o m  #16 t r e n c h  B i d d y  Area 

S a m p l e  1 7 0 1  i s  a m i n e r a l i z e d  b r e c c i a .  I t  c o n s i s t s  o f  o v o i d  
f r a g m e n t s  of  a s e d i m e n t  ( t u f f )  c o n s i s t i n g  of  f i n e  q u a r t z  
c l a s t s  i n  a f e l d s p a t h i c  c e m e n t ,  c o a r s e  p a t c h w o r k  of  g a l e n a ,  
w i t h  c a l c i t e  a n d  b a r i t e .  

S a m p l e  1 7 0 2  S p h a l e r i t e  f r o m  f 5  t r e n c h  V e r n o n  Area 
I 

S a m p l e  1 7 0 2  i s  a c a l c i t e - s p h a l e r i t e  r o c k  i n  w h i c h  a l m o s t  a l l  
t h e  o r i g i n a l  m i n e r a l s  h a v e  b e e n  r e p l a c e d .  I t  i s  a p p a r e n t l y  
a b r e c c i a  w i t h  a n g u l a r  d a r k  g r e y  f r a g m e n t s  w h i c h  a r e  
s c a t t e r e d  i n  a b r o w n i s h  m a t r i x ;  t h i n  v e i n l e t s  of  c a l c i t e  c u t  
t h r o u g h  t h e  m a t r i x  a n d  f r a g m e n t s .  The  d a r k  f r a g m e n t s  a r e  
f i n e  c a l c i t e  i n t e r g r o w n  w i t h  p y r i t e  a n d  f i n e  s p h a l e r i t e ;  t h e  
b r o w n i s h  m a t r i x  i s  a n  i n t e r g r o w t h  of  c o a r s e r  c a l c i t e  a n d  
s p h a l e r i t e  w i t h o u t  much p y r i t e .  
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1701 : MINEKALIZED BRECCIA. 

This  sample c o n s i s t s  of ovoid fragments oE sediment,  one o r  two 
cen t ime te r s  i n  s i z e ,  which are cemented by a coa r se  patchwork of galena 
(dominant) intergrown wi th  b a r i t e  and ca lc i te .  T h e  scdinienc ( t u f f  ? )  i s  
f i n e l y  layered  due t o  v a r i a t i o n s  i n  the  propor t ions  of c l a s t i c  material 
(qua r t z  g r a i n s )  and cementing material (inainly K-spar). Patches of s a l e n a  and 
a s soc ia t ed  minera ls  have developed w i t h i n  some of the  'fragments. Excluding 
the  b recc ia  cement which makes up about  70% of t h e  hand specimen, minera ls  
are: 

K-spar 45% (wi th  i n c i p i e n t  c l a y / c h l o r i t e )  
qua r t z  clasts 30 
galena 9 
ca lc i te  7 
b a r i t e  5 
p y r i t e  3 
quar t z  ve in  1 
se r i c i  t e  minor 

I 

Quartz clasts are rounded t o  subangular and about  0.lmm i n  s i z e .  These are 
embedded i n  a matr ix  c o n s i s t i n g  of extremely f i n e  1:-spar which i s  in t ima te ly  
mixed wi th  i n c i p i e n t ,  c r y p t o c r y s t a l l i n e  clay o r  c h l o r i t e - l i k e  material. 
I n d i s t i n c t  l a y e r i n g  on a scale of  less  than lmm occurs  i s  due t o  s l i g h t  
v a r i a t i o n s  i n  t h e  propor t ions  of c las ts  t o  cement; t h e  "layers" are o f t e n  
lensey  and pinch out .  Rounded p y r i t e  g r a i n s  0.01 t o  0.05mm i n  s i z e ,  w i th  a 
few up t o  0.2rum, are disseminated throughout t h e  matr ix .  A few f l a k e s  of 
ser ic i te  about  0.05mm i n  s i z e  are s c a t t e r e d  wi th in  i t  and are p a r t  of t h e  
a l t e r a t i o n  assemblage. 

Galena occurs  i n  rounded pa tches  up t o  5mm i n  s i z e  and i n  ve in- l ike  
patches about lmin i n  width and a few millimeters i n  l eng th ;  they are not  
necessarily connected t o  the breccia matr ix .  The l a r g e  patches of galena are 
almost completely surrounded by a zone of  ca lc i te  about  0.2 t o  0 .81~1 wide. A 
small amount of qua r t z  i s  intergrown wi th  t h e  ca lc i te  a t  t h e  edges of t h e  
zone and small b a r i t e  g r a i n s  occur  c l o s e  t o  and p a r t l y  w i t h i n  t h e  galena.  I n  
the  ve in- l ike  pa tches  the  ga lena  i s  s c a t t e r e d  a long  t h e  ve in  and i s  
intergrown wi th  t a b u l a r  b a r i t e  g r a i n s  up t o  1.5mm i n  l eng th  and wi th  
subrounded calcite g r a i n s  0.2 t o  l.0mm i n  s i z e  (dominant).  A t  t h e  edge of 
t h e s e  elongated pa tches  t h e r e  i s  a t h i n  zone of small qua r t z  g r a i n s  
intergrown wi th  sericite and wi th  the  ca l c i t e -ba r i t e -ga lena  i n  t h e  core .  
Small g r a i n s  of ca lc i te  are s c a t t e r e d  throughout t he  rock. Barite a l s o  occurs  
s c a t t e r e d  wi th in  t h e  rock ,  forming splays oE bladed g r a i n s  up t o  2 .5m i n  
length .  There i s  sometimes a narrow zone of q u a r t z  and s e r i c i t e  around these.  

I Y Y  

m i  
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1702: CALCITE-SPIIALEKITE ROCK (ALTERED BRECCIA). 

Th i s  rock c o n s i s t s  of dark  grey subangular t o  shape le s s  fragments of an 
unknown rock type  s c a t t e r e d  i n  a brownish coloured matr ix .  Fragments are 
mainly 2 t o  8mm i n  s i z e  and are colnpletely a l t e r e d .  A widely spaced sys t em of 
t h i n  calci te  v e i n s  c u t s  through t h e  rock. The iiiatrix c o n s i s t s  of a n  
in te rgrowth  of s p h a l e r i t e  and calci te .  The fragments a re  a l s o  ca lc i te  but  i t  
is much f i n e r  and i s  intergrown wi th  p y r i t e  and very  f i n e  s p h a l e r i t e .  
Minerals  are : 

ca lc i te  85% 
s p h a l e r i t e  13 
p y r i t e  2 
quartz minor 
serici t e  trace 
g r a p h i t e  ( 1 )  trace 

The dark  patches o r  fragments c o n s i s t  of a n  i n t i m a t e  in t e rg rowth  of 
rounded ca lc i te  g r a i n s  and shape le s s  s p h a l e r i t e  g r a i n s  less than  O . l m m  i n  
s i z e ,  occuring i n  roughly equal  amounts. Rounded p y r i t e  g r a i n s  less than 
0.05mm in s i ze  are s c a t t e r e d  amongst these .  I n  p l aces  t h e r e  are pa tches  of 
f i n e  ca lc i te  and s c a t t e r e d  p y r i t e  which may a l s o  have been fragments but  do 
no t  con ta in  t h e  s p h a l e r i t e .  Small  d i r t y  patches which do n o t  p o l i s h  well and 
which are s c a t t e r e d  wi th in  and amongst t he  c a l c i t e l s p h a l e r i t e  are supected t o  
con ta in  i n c i p i e n t  g r a p h i t e  bu t  t h i s  was no t  recognised wi th  c e r t a i n t y .  

The bulk of the  rock, enc los ing  t h e  fragments,  c o n s i s t s  of subrhombic t o  
subrounded i n t e r l o c k i n g  calcite g r a i n s  0.2 t o  l . O m m  i n  s i z e .  Intergrown wi th  
these  are subrounded, amoeboid s p h a l e r i t e  g r a i n s  0.1 t o  l.0mm i n  s i z e ,  i n  
p l aces  forming a n  in te rconnec ted  patchwork. C l u s t e r s  and small aggrega tes  of 
s p h a l e r i t e  are q u i t e  coaunon. I n  t h e  l a r g e r  aggrega tes  (up t o  2 . 5 ~ ~ )  t h e  
s p h a l e r i t e  con ta ins  t h i n  ser ic i te  f l a k e s  about O.lmm i n  l eng th .  Rounded 
pyri te  grains 0.05 t o  0.2mrn i n  s i z e  are scattered amongst the ca lc i te  and 
s p h a l e r i t e ,  solnetirnes being included i n  t h e  s p h a l e r i t e .  

Quartz forms subrounded g r a i n s  0.1 t o  0 . 3 ~  i n  s i z e  which are s c a t t e r e d  
between and wi th in  t h e  calci te  g r a i n s  and appear  t o  be p a r t l y  rep laced  l a r g e r  
g ra ins .  

I 
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APPENDIX I1 

G E R M A N I U M  SUPPLY - DEMAND SITUATION 

M o d i f e d  a f t e r  L . R .  B e r n s t e i n  ( 1 9 8 6 )  

( A l l  d o l l a r  v a l u e s  U.S . )  

F o l l o w i n g  a s t r o n g  m a r k e t  i n  t h e  m i d - 1 9 7 0 ' s  t h r o u g h  t h e  e a r l y  
1 9 8 0 ' s ,  when t h e  p r i c e  o f  Ge w e n t  f r o m  $ 2 9 3 / k g  i n  1 9 7 6  t o  
$ 1 0 6 0 / k g  i n  1 9 8 2 ,  t h e  m a r k e t  h a s  s o f t e n e d  i n  t h e  l a s t  two 
y e a r s .  Though t h e  p u b l i s h e d  p r i c e  h a s  r e m a i n e d  c o n s t a n t  a t  
$ 1 0 6 0 / k g ,  t h e r e  h a s  b e e n  d i s c o u n t i n g  ( d u e  p a r t l y  t o  t h e  h i g h  
v a l u e  of  t h e  d o l l a r ) .  Germanium d i o x i d e  i s  s o l d  a t  $ 6 6 0 / k g  I 

( a l s o  d i s c o u n t e d ) .  

I n  r e c e n t  y e a r s ,  g e r m a n i u m  h a s  b e e n  r e c o v e r e d  a l m o s t  e x c l u s i v e l y  
as  a b y - p r o d u c t  of s p h a l e r i t e  p r o c e s s i n g .  Ore i s  p r o d u c e d  
p r i m a r i l y  f r o m  Elmwood a n d  G o r d o n s v i l l e  M i n e s  i n  T e n n e s s e e ,  a n d  
t h e  S a i n t - S a l v y  d e p o s i t  i n  s o u t h e r n  F r a n c e .  O t h e r  z i n c  m i n e s  
a r o u n d  t h e  w o r l d ,  i n c l u d i n g  P i n e  P o i n t ,  C a n a d a ,  p r o d u c e  v a r y i n g  
a m o u n t s  of  g e r m a n i u m - b e a r i n g  c o n c e n t r a t e s .  C o n c e n t r a t e s  f r o m  
t h e  T e n n e s s e e  o r e s  a r e  s h i p p e d  t o  M e t a l l u r g i e  H o b o k e n - O v e r p e l t  
S A  ( M H O )  i n  B e l g i u m ,  t h e  l e a d i n g  r e f i n e r  o f  G e  (>20,000 k g / y r ) .  
S o c i e t e  M i n i e r e  e t  M e t a l l u r g i q u e  d e  P e n n a r r o y a  i n  F r a n c e  r e f i n e s  
m o s t  o f  t h e  S a i n t - S a l v y  o r e .  E a g l e - P i c h e r  I n d u s t r i e s  I n c . ,  
Quapaw, O K  p r o d u c e s  G e  f r o m  a v a r i e t y  o f  d o m e s t i c  a n d  i m p o r t e d  
c o n c e n t r a t e s  ( a b o u t  2 0 , 0 0 0  k g / y r ) ,  w h i l e  S o c i e t a  M i n e r a r i a  e 
M e t a l l u r g i c a  d i  P e r t u s o l a  S . A .  i n  I t a l y ,  P r e u s s a g  Meta l1  AG i n  
West Germany ( a b o u t  1 0 , 0 0 0  k g / y r ) ,  a n d  B l e i b e r g e r  B e r g w e r k s  
U n i o n  AG i n  A u s t r i a  a r e  o t h e r  m a j o r  p r o d u c e r s .  C h i n a ,  J a p a n ,  
and t h e  U . S . S . R .  a l s o  produce  c o n s i d e r a b l e  amounts o f  Ge. Japan  
i s  r a p i d l y  i n c r e a s i n g  i t s  Ge p r o d u c t i o n  c a p a c i t y ,  a n d  i s  
a p p a r e n t l y  u s i n g  some K u r o k o - t y p e  o r e s  a s  f e e d s t o c k .  C u r r e n t  
w o r l d  p r o d u c t i o n  a n d  demand i s  a b o u t  1 0 0 , 0 0 0  k g / y r  of  G e .  
E s t ima tes  o f  p r o d u c t i o n  i n  1 9 8 3  a r e  g i v e n  i n  T a b l e  B - 1 .  

TABLE B - 1  G E R M A N I U M  PRODUCTION I N  1 9 8 3  

C o u n t r y  G e  P r o d u c t i o n  ( k g )  

U.S. 20 ,000  
B e l g i u m  2 0 , 0 0 0  
F r a n c e  & I t a l y  2 0 , 0 0 0  
Germany (FRG) 10 ,000  
C h i n a  5 ,000  
USSR & E a s t  E u r o p e  1 0 , 0 0 0  

T o t a l  85 ,000  

E s t i m a t e s  a r e  t h o s e  of  t h e  U.S. B u r e a u  
of N i n e s ,  1985.  F i g u r e s  i n c l u d e  r e f i n e r y  
p r o d u c t i o n  f r o m  b o t h  d o m e s t i c  a n d  i m p o r t e d  
f e e d s t o c k s .  Most o r e  w a s  p r o d u c e d  i n  t h e  
U.S. a n d  F r a n c e .  
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TABLE B-2 GERMANIUM SUPPLY-DEMAND SUMMARY 

U.S.  U.S .Ref i ne ry  World World Refinery U.S. Wor I d  
Product ion Capacity Product ion Capaci ty  Demand Demand 

Year (1000 kg) (1000 kg) (1000 kg) (1000 kg) (1000 kg) (1000 kg) 

116 32 116 1980 27 
1983 20 40 85 245 35 s5 
1990 -- GO -- 245 55 140 

2000 

-- -- 

low high  prob. low h igh  prob. -- 45 180 85 110 450 265 -- -- -- 

I 
Estimates are  those  of t h e  U . S .  Bureau of Mines, 1985; fo recas t ed  demands are 
considered very conserva t ive .  

TABLE B-3 ESTIMATED GERMANIUM DEMAND BY USE 

1986 - 1996 (METRIC TONS) 

1986 1991 LOW PROBABLE HIGH 

I n f r a r e d  Optics  55 50 35 45 70 

C a t a l y s t s  45 80 85 100 200 

Fibe r  Optics  25 30 35 45 100 

Elect r oni  cs 5 7 5 10 40 

Medicine 5 17 5 40 150 

Opt ica l  Storage 0 30 30 100 200 

YJ 

Other 5 6 5 10 70 

TOTAL 

- - 
140 220 200 355 830 
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Due t o  t h e  r e c e n t  s o f t e n i n g  o f  t h e  m a r k e t ,  a n d  t h e  e x p e c t e d  
p r o d u c t i o n  of t h e  Apex MPne ( a b o u t  14-18,000 k g l y r ) ,  I n r s r e e t  i n  
f i n d i n g  new g e r m a n i u m  r e s o u r c e s  h a s  g e n e r a l l y  d e c l i n e d .  T h e r e  
a r e  s e v e r a l  r e c e n t  a n d  p o t e n t i a l  d e v e l o p m e n t s  t h a t  c o u l d  q u i c k l y  

low z i n c  
p r i c e s  h a v e  made t h e  T e n n e s s e e  m i n e s  u n p r o f i t a b l e ,  a n d  t h e y  may 
b e  c l o s e d ;  ( 2 )  t h e  P i n e  P o i n t  Mine  i s  s c h e d u l e d  t o  c l o s e  i n  
1 9 8 7 ;  (3) t h e  U.S. m i l i t a r y  h a s  become c o n c e r n e d  a b o u t  G e  
s u p p l i e s ,  a n d  h a d  G e  made a s t r a t e g i c  m a t e r i a l  i n  1 9 8 4 ;  30 ,000  
kg were o r i g i n a l l y  r e q u e s t e d  € o r  t h e  s t o c k p i l e , a  nd t h i s  was 
r a i s e d  t o  1 4 7 , 0 0 0  k g  i n  1 9 8 5  ( n o n e  h a s  y e t  b e e n  p u r c h a s e d ) ;  a n d  
( 4 )  new h i g h - v o l u m e  u s e s  f o r  G e  a r e  b e i n g  d e v e l o p e d ,  a s  
d i s c u s s e d  b e l o w .  T h e  G e  m a r k e t  i s  much more  d i v e r s e  t h a n  t h a t  
f o r  G a ,  a n d  i n c l u d e s  more  h i g h - v o l u m e  u s e s  t h a n  d o e s  t h e  Ga 
m a r k e t  ( m i c r o e l e c t r o n i c s ) .  I n  a d d i t i o n ,  many p o t e n t i a l  u s e s  a r e  

c h a n g e  t h e  s u p p l y - d e m a n d  s i t u a t i o n ,  h o w e v e r :  (1) 

a w a i t i n g  l o w e r  Ge p r i c e s .  I 

Uses ,  t e c h n o l o g i c a l  d e v e  l o m e n t  s a n d  o t h e r  demand 
c o n s i d e r a t i o n s :  The  m a j o r  u s e s  f o r  Ge c a n  b e  c l a s s e d  a s :  (1) 
e l e c t r o n i c  c o m p o n e n t s ;  ( 2 )  i n f r a r e d  o p t i c s ;  ( 3 )  f i b e r  o p t i c s ;  
( 4 )  c a t a l y s t s ;  ( 5 )  m e d i c i n e s ;  a n d  ( 6 )  a l l o y s .  I n  t h e  f u t u r e ,  
o p t i c a l  s t o r a g e  d e v i c e s  c o u l d  become t h e  major, h i g h  vo lume  u s e  
o f  ge rman ium.  T h e s e  u s e s  a r e  c o n s i d e r e d  s e p a r a t e l y  b e l o w ,  
t o g e t h e r  w i t h  some e m e r g i n g  marke t s ,  p a r t i c u l a r l y  o p t i c a l  
s t o r a g e .  In 1 9 8 4 ,  t h e  e s t i m a t e d  w o r l d - w i d e  u s e s  i n  p e r c e n t s  
were: 

Use P e r c e n t  

I n f r a r e d  D p t i c s  4 8  
C a t a l y s t s  2 0  
F i b e r  O p t i c s  18 
E l e c t r o n i c s  5 
M e d i c i n e s  4 
O t h e r  5 

- 

E l e c t r o n i c s :  A f t e r  b e i n g  t h e  p r e d o m i n a n t  s e m i c o n d u c t o r  in t h e  
1 9 5 0 ' s  a n d  1 9 6 0 ' s ,  G e  now r e p r e s e n t s  l e s s  t h a n  2 %  o f  t h i s  
m a r k e t .  The  c u r r e n t  u s a g e  r e p r e s e n t s  a p p J i c a t i o n s  w h e r e  G e  i s  
c o n s i d e r e d  f a r  s u p e r i o r  t o  o t h e r  m a t e r i a l s ,  s u c h  as  some 
u l t r a - h i g h  f r e q u e n c y  d e v i c e s  a n d  s o l i d - s t a t e  x - r a y ,  gamma-ray,  
a n d  i n f r a r e d  d e t e c t o r s .  I t  i s  a l s o  a p r e f e r r e d  s u b s t r a t e  f o r  
LED's. Many of  t h e  h i g h e s t  e f f i c i e n c y  p h o t o v o l t a i c  m a t e r i a l s  
a l s o  u s e  c o n s i d e r a b l e  a m o u n t s  of  G e ,  a s  w e l l  a s  Ga a n d  S i .  A l l  
o f  t h e s e  m a r k e t s ,  e x c e p t  L E D ' s ,  a r e  e x p e c t e d  t o  g r a d u a l l y  
i n c r e a s e  t h r o u g h  t h e  r e s t  of t h e  c e n t u r y .  
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I n f r a r e d  o p t i c s :  Th- s  i s  c u r r e n t l y  t..e m a j o r  u s e  o f  G e ,  
a c c o u n t i n g  f o r  a b o u t  h a l f  t h e  G e  m a r k e t .  Germanium m e t a l ,  a s  
w e l l  a s  some G e  a l l o y s  a n d  g l a s s e s ,  i s  t r a n s p a r e n t  t o  i n f r a r e d  
r a d i a t i o n  h a v i n g  w a v e l e n g t h s  l o n g e r  t h a n  2 m i c r o m e t e r s .  I t  c a n  
t h u s  b e  u s e d  i n  t h e  same way t h a t  o p t i c a l  g l a s s  i s  u s e d  f o r  
v i s i b l e  l i g h t :  t o  make l e n s e s  a n d  windows  t o  t r a n s m i t  a n d  f o c u s  
i n f r a r e d  r a d i a t i o n  o n t o  f i l m  o r  e l e c t r o n i c  d e t e c t o r s .  The  m a j o r  
a p p l i c a t i o n s  a r e :  (1) m i l i t a r y :  f o r  n i g h t - v i e w i n g  s c o p e s  o n  
a i r p l a n e s ,  t a n k s ,  g u n s ,  e t c . ;  a l s o  f o r  g u i d a n c e  s y s t e m s  o n  
m i s s i l e s ,  a i r p l a n e s ,  a n d  v a r i o u s  v e h i c l e s ;  ( 2 )  n i g h t - v i e w i n g  
e q u i p m e n t  ( a l s o  f o r  f o g  a n d  s m o k e )  f o r  p o l i c e ,  f i r e m e n ,  
r e s e a r c h e r s ,  a n d  o t h e r s ;  ( 3 )  s a t e l l i t e  m a p p i n g  e q u i p m e n t ;  ( 4 )  
m e d i c a l  d i a g n o s t i c  e q u i p m e n t  ( i n c r e a s i n g l y  u s e d  f o r  d e t e c t i n g  
t u m o r s  i n  t h e  e a r l y  s t a g e s ) ;  ( 5 )  h e a t - l o s s  m o n i t o r i n g  f o r  
b u i l d i g n s  a n d  i n d u s t r i a l  e q u i p m e n t ;  a n d  ( 6 )  m o n i t o r i n g  d e v i c e s  
f o r  f i r e  a l a r m s .  T h e s e  u s e s  h a v e  a l l  b e e n  i n c r e a s i n g ,  z n d  w i l l  , 
r e m a i n  s t r o n g  t h r o u g h  a t  l e a s t  t h e  r e s t  of  t h e  d e c a d e .  S i n c e  
m o s t  of  t h e  m i l i t a r y  e q u i p m e n t  i s  s t o c k p i l e d  o r  i s  d e s t r o y e d ,  
l i t t l e  G e  w i l l  become a v a i l a b l e  f o r  r e c y l i n g .  

F i b e r  o p t i c s :  T h i s  i n d u s t r y  i s  e x p e r i e n c i n g  c o n s i d e r a b l e  
g r o w t h ,  a n d  much more  i s  e x p e c t e d  t h r o u g h  t h e  e n d  of  t h e  
c e n t u r y .  I n  m o s t  m o d e r n  f i b e r s ,  u p  t o  s e v e r a l  p e r c e n t  G e  i s  
a d d e d  t o  t h e  c o r e s  t o  i n c r e a s e  t r a n s m i s s i v i t y .  T h e  m a j o r  v o l u m e  
u s e  f o r  f i b e r  o p t i c s  i s  a s  c a b l e s  t o  r e p l a c e  c o n v e n t i o n a l  w i r e  
t e l e c o m m u n i c a t i o n s  s y s t e m s .  M a j o r  a d v a n t a g e s  of  f i b e r  o p t i c s  
o v e r  w i re  a r e :  (1) c o m p a c t  s i z e  ( a s  l i t t l e  a s  o n e - f i f t h  t h e  
s p a c e  o f  Cu c a b l e s ) ,  s o  t h a t  s y s t e m s  c a n  e n l a r g e  t h e i r  
c a p a c i t i e s  w i t h o u t  h a v i n g  t o  c r e a t e  new,  e x p e n s i v e  u n d e r g r o u n d  
c o n d u i t s ;  ( 2 )  n o  c h a n c e  of  s h o r t  c i r c u i t s ;  ( 3 )  n o  p r o b l e m s  w i t h  
d i s t o r t i o n s  c a u s e d  by c h a n g e s  i n  t h e  e l e c t r o m a g n e t i c  f i e l d ;  a n d  
( 4 )  t h e y  c a n n o t  b e  t a p p e d  by a n y  known t e c h n o l o g y .  Hany 
c o m p a n i e s  a r o u n d  t h e  w o r l d  a r e  g e t t i n g  i n t o  t h i s  f i e l d ;  i n  1 9 8 6 ,  
C o r n i n g  G l a s s  Works a n d  S i e c o r  O p t i c a l  C a b l e  P l a n t  a r e  e x p e c t e d  
t o  o p e n  p l a n t s  t h a t  w i l l  e a c h  p r o d u c e  o v e r  o n e  m i l l i o n  km o f  
f i b e r  p e r  y e a r ,  a n d  amany o t h e r  p l a n t s  a r e  a l s o  o p e n i n g .  A l l  
t h e  m a j o r  t e l e c o m m u n i c a t i o n s  c o m p a n i e s ,  i n c l u d i n g  A T & T ,  GTE a n d  
M C I ,  a r e  now i n s t a l l i n g  f i b e r  o p t i c s  c a b l e s .  F o r  f i b e r  o p t i c s  
a p p l i c a t i o n s ,  GeC14 a n d  Ge02 a r e  u s e d  r a t h e r  t h a n  Ge m e t a l ,  a t  
l o w e r  c o s t s .  

C a t a l y s t s :  Germanium compounds  ( m a i n l y  Ge02)  h a v e  l o n g  b e e n  
known as  e x c e l l e n t  c a t a l y s t s  f o r  p e t r o l e u m  c r a c k i n g  a n d  some 
p l a s t i c s  m a n u f a c t u r i n g ,  t h o u g h  t h e  h i g h  p r i c e  a n d  u n c e r t a i n  
s u p p l y  o f  G e  h a v e  d i s c o u r a g e d  many u s e r s .  T h e  J a p a n e s e ,  
h o w e v e r ,  a r e  m o v i n g  a h e a d  r a p i d l y  i n  t h i s  f i e l d .  T h e y  now u s e  
G e  a s  a m a j o r  c a t a l y s t  i n  t h e  p r o d u c t i o n  o f  p o l y e s t e r  f i b e r  a n d  
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p o l y e t h y l e n e  t e r e p h a l a t e  ( P E T ) ,  a common c o m m e r c i a l  m a t e r i a l  f o r  
p l a s t i c  b o t t l e s .  I f  o t h e r  c o u n t r i e s  f o l l o w  t h i s  l e a d ,  
E a g l e - P i c h e r  e s t i m a t e s  t h a t  t h i s  w i l l  become t h e  m a j o r  u s e  f o r  
G e  i n  t h e  n e x t  two y e a r s .  E v e n  a s m a l l  i n c r e a s e  i n  G e  s u p p l i e s  
a n d  d e c r e a s e  i n  p r i c e s  c o u l d  i n c r e a s e  t h i s  m a r k e t  by s e v e r a l  
f o l d .  

M e d i c i n e s :  Germanium a n d  many of  i t s  compounds h a v e  v e r y  low 
t o x i c i t i e s  f o r  humans a n d  h i g h e r  a n i m a l s ,  b u t  a r e  t o x i c  t o  m o s t  
p l a n t s  a n d  m i c r o - o r g a n i s m s .  I n  t h e  p a s t  f ew y e a r s ,  s e v e r a l  
o r g a n i c  g e r m a n i u m  compounds h a v e  p r o v e n  t o  b e  p h a r m a c o l o g i c a l l y  
a c t i v e  a g a i n s t  a v a r i e t y  of s e r i o u s  d i s e a s e s ,  i n c l u d i n g  c a n c e r ,  
m a l a r i a ,  a n d  a r t h r i t i s .  C l i n i c a l ,  a n i m a l ,  a n d  i n - v i t r o  t r i a l s  
a r e  now b e i n g  c o n d u c t e d  i n  t h e  U n i t e d  S t a t e s ,  J a p a n ,  E u r o p e ,  a n d  
e l s e w h e r e  t o  e s t a b l i s h  l e v e l s  of  e f f e c t i v e n e s s  a n d  p r o p e r  
d o s a g e s .  I 

The f i r s t  compound t e s t e d  ( a n d  s t i l l  t h e  m o s t  s t u d i e d )  i s  c a l l e d  
s p i r o g e r m a n i u m .  I n  v i t r o  a n d  a n i m a l  s t u d i e s  showed  t a h t  t h i s  
compound i s  v e r y  e f f e c t i v e  a g a i n s t  many f o r m s  of  c a n c e r .  E a r l y  
r e s u l t s  of  human c l i n i c a l  t r i a l s  ( s p o n s o r e d  i n  p a r t  by N I H  a n d  
t h e  N a t i o n a l  C a n c e r  I n s t i t u t e )  a r e  m i x e d ,  w i t h  some p o s i t i v e  a n d  
some n e g a t i v e  r e s u l t s .  S p i r o g e r m a n i u m  a p p e a r s  t o  a c c e n t u a t e  t h e  
e f f e c t s  of  o t h e r  a n t i - c a n c e r  d r u g s ,  s o  t h a t  l o w e r  ( a n d  l e s s  
t o x i c )  d o e s e s  a r e  r e q u i r e d .  S p i r o g e r m a n i u m  i t s e l f  h a s  low 
t o x i c i t y ,  w i t h  t r a n s i e n t  n e u r o t o x i c i t y  a t  v e r y  h i g h  d o s e s .  

R e c e n t  r e s e a r c h  s h o w s  t h a t  s p i r o g e r m a n i u m  h a s  s e v e r a l  o t h e r  
i m p o r t  a n t  m e d i c i n a l  p r o p e r t i e s .  R e s e a r c h e r s  a t  s e v e r a l  
u n i v e r s i t i e s  i n  t h e  U n i t e d  S t a t e s ,  F r a n c e ,  a n d  e l s e w h e r e  f o u n d  
t h a t  i t  i s  v e r y  e f f e c t i v e  i n  k i l l i n g  m a l a r i a  p a r a s i t e s  i n  v i t r o ,  
i n c l u d i n g  s t r a i n s  t h a t  a r e  h i g h l y  r e s i s t a n t  t o  o t h e r  d r u g s .  
E a r l y  r e s u l t s  of human c l i n i c a l  a n d  f i e l d  t r i a l s  a r e  a l s o  
e n c o u r a g i n g  f o r  t h e  i n j e c t e d  f o r m  of  t h e  d r u g ,  and work h a s  
b e g u n  on  o r a l  a d m i n i s t r a t i o n .  S p i r o g e r m a n i u m  i s  a l s o  e f f e c t i v e  
a g a i n s t  o t h e r  p a r a s i t i c  d i s e a s e s ,  b a s e d  on  e a r l y  e x p e r i m e n t a l  
r e s u l t s .  

am 

I n  a d d i t i o n ,  s p i r o g e r m a n i u m  h a s  b e n e f i c i a l  e f f e c t s  on t h e  immune 
IU s y s t e m  a n d  a g a i n s t  a u t o i m m u n e  d i s e a s e s  s u c h  a s  a r t h r i t i s  a n d  

p o s s i b l y  m u s c u l a r  d y s t r o p h y .  The  Smi th ' ,  K l i n e  a n d  Beckman 
Company r e p o r t s  t h a t  s p i r o g e r m a n i u m  may b e  t h e  m o s t  e f f e c t i v e  

.* d r u g  t e s t e d  a g a i n s t  a r t h r i t i s ,  a c t i n g  on  t h e  c a u s e s  of t h e  
d i s e a s e  a n d  n o t  s i m p l y  o n  t h e  r e s u l t a n t  i n f l a m m a t i o n .  
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O t h e r  g e r m a n i u m  d r u g s  a r e  b e i n g  d e v e l o p 3 e d  p r i m a r i l y  by t h e  
J a p a n e s e .  T h e  compound c a l l e d  Gc-132 w a s  f o u n d  t o  s t i m u l a t e  t h e  
p r o d u c t i o n  of  i n t e r f e r o n  i n  mice ,  a n d  g e n e r a l l y  a p p e a r s  t o  b e  
e f f e c t i v e  a g a i n s t  c a n c e r  a n d  v i r u s e s ,  a n d  i n  s t i m u l a t i n g  t h e  
immune s y s t e m .  I t  a l s o  a p p e a r s  t o  r e l i e v e  p a i n a  nd  t o  s l o w  t h e  
p r o g r e s s  of  o s t e o p o r o s i s .  F u r t h e r  t r i a l s  o f  t h i s  compound a r e  
j u s t  b e g i n n i n g .  S e v e r a l  o t h e r  compounds  a r e  a l s o  u n d e r  
i n v e s t i g a t i o n  as  p o t e n t i a l  a n t  i - c a n c e r  a g e n t s ,  t h e  m o s t  
p r o m i s i n g  b e i n g  c a l l e d  PCAGeS. T h i s  compound i s  e f f e c t i v e  
a g a i n s t  s e v e r a l  f o r m s  of  c a n c e r  i n  mice ,  a n d  a l s o  s t i m u l a t e s  t h e  
immune s y s t e m .  

S e v e r a l  g e r m a n i u m  c o m p o u n d s ,  p a r t i c u l a r l y  Ge-132,  a r e  c u r r e n t l y  
s o l d  i n  J a p a n  i n  s m a l l  q u a n t i t i e s ,  m a i n l y  by t h e  K o e i  
I n t e r n a t i o n a l  C o o  i n  O s a k a .  T h i s  company h a s  r e c e n t l y  s t a r t e d  I 

s e l l i n g  Ge-132 ( o b t a i n e d  f r o m  a c u l t i v a t e d  h e r b )  i n  t h e  U n i t e d  
S t a t e s  as  a " f o o d "  p r o d u c t ,  a s  i t s  u s e  a s  a d r u g  h a s  n o t  b e e n  
a p p r o v e d  by t h e  FDA. The  m a j o r  o u t l e t  i s  c u r r e n t l y  
N u t r i - C o l o g y ,  I n c .  o f  S a n  L e a n d r o ,  C A .  T h i s  m a r k e t  w i l l  
p r o b a b l y  r e m a i n  v e r y  s m a l l ,  c o n s i s t i n g  m a i n l y  o f  h e a l t h - f o o d  
f a d d i s t s .  

T h e  e x c l u s i v e  r i g h t s  t o  s p i r o g e r m a n i u m  a r e  h e l d  by Unimed,  I n c .  
o f  S o m e r v i u l l e ,  N J .  Unimed i s  f u n d i n g  some of  t h e  c u r r e n t  
r e s e a r c h ,  t o g e t h e r  w i t h  N I H ,  N C I ,  a n d  t h e  W o r l d  H e a l t h  
O r g a n i z a t i o n  ( W H O ;  m a i n l y  f o r  m a l a r i a l  r e s e a r c h ) ,  a n d  some 
E u r o p e a n  a n d  J a p a n e s e  o r g a n i z a t i o n s .  T h e  s p i r o g e r m a n i u m  i s  
p r o d u c e d  u n d e r  c o n t r a c t  by N o r a c  o f  A z u s a ,  CA. They  h a v e  u s e d  
as  much as  a f e w  h u n d r e d  k g  p e r  y e a r  of  99% Ge02 i n  t h e i r  
o p e r a t i o n s .  S p i r o g e r m a n i u m  i s  now v e r y  e x p e n s i v e  ( $ 2 0 , 0 0 O / k g ) ,  
t h o u g h  t h e  p r i c e  w i l l  d e c r e a s e  a s  p r o d u c t i o n  i n c r e a s e s .  

Doses of spirogermanium are about 400  m g / d a y  per patient, 
c o n t a i n i n g  72  rng Ge. Abou t  2 5 0  m i l l i o n  p e o p l e  now h a v e  m a l a r i a ,  

NU a n d  many m i l l i o n s  more  h a v e  o t h e r  p a r a s i t i c  d i s e a s e s ,  a r t h r i t i s ,  
a n d  c a n c e r .  T h e  p o t e n t i a l  f o r  v e t e r i n a r y  u s a g e  i s  a l s o  g r e a t .  
I f  100 m i l l i o n  d o s e s  a r e  g i v e n  i n  a y e a r ,  a b o u t  7 t o n n e s  of  G e  
(10  t o n n e s  G e 0 2 )  w o u l d  b e  r e q u i r e d ;  1 b i l l i o n  d o s e s  w o u l d  
r e q u i r e  7 0  t o n n e s  of  G e  (100  t o n n e s  G e 0 2 ) .  I f  Ge-132 p r o v e s  
e f f e c t i v e  a n d  s a f e  i n  c l i n i c a l  t r i a l s  a n d  becomes  a n  a c c e p t e d  
d r u g ,  t h i s  c o u l d  f u r t h e r  i n c r e a s e  t h e  g e r m a n i u m  demand:  

UY s p i r o g e r m a n i u m  c o n t a i n s  b o u t  18 w t .  p e r c e n t  G e ,  w h e r e a s  Ge-132 

*a 

1 c o n t a i n s  a b o u t  4 3  w t .  p e r c e n t  G e .  
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s o f  G e  a r e  u s e d  a s  h a r d e n i  g a g e n t s  f o r  
some Cu, A 1  a n d  Mg a l l o y s ;  t h i s  u s e  h a s  b e e n  l i m i t e d  by h i g h  Ge 
p r i c e s .  Germanium i s  also u s e d  t o  make p r e c i s i o n - c a s t i n g  g o l d  
a l l o y s  f o r  d e n t a l  a n d  j e w e l r y  u s e .  S p e c i a l t y  a l l o y s ,  s u c h  a s  
n o n - t a r n i s h i n g  y e l l o w  Cu-Ge a l l o y s  as  g o l d  s u b s t i t u t e s  i n  
j e w e l r y ,  h a v e  r e m a i n e d  l i t t l e  u s e d  d u e  t o  h i g h  G e  p r i c e s .  

O p t i c a l  s t o r a g e :  T h r o u g h  t h e  p r e s e n t  t i m e ,  m a g n e t i c  t a p e s  a n d  
d i s c s  h a v e  b e e n  t h e  p r e d o m i n a t e  means o f  s t o r i n g  i n f o r m a t i o n  f o r  
c o m p u t e r s ,  a s  w e l l  a s  f o r  many a u d i o  a n d  v i d e o  s y s t e m s .  

d e t e r i o r a t i o n  w i t h  a g e  a n d  u s e ;  ( 2 )  s u s c e p t i b i l i t y  t o  e r a s u r e  
t h r o u g h  e x p o s u r e  t o  c h a n g i n g  e l e c t r i c  a n d  m a g n e t i c  f i e l d s ;  a n d  
( 3 )  r e l a t i v e l y  low i n f o r m a t i o n  p a c k i n g  d e n s i t y .  To o v e r c o m e  
t h e s e  d i f f i c u l t i e s ,  p a r t i c u l a r l y  t h e  l a s t  o n e ,  i t  h a s  become 
e s s e n t i a l  t o  d e v e l o p  new d a t a  s t o r a g e  d e v i c e s .  The  m o s t  
p r o m i s i n g  t e c h n o l o g y  i s  o p t i c a l  s t o r a g e ,  i n  w h i c h  d a t a  i s  
e n c o d e d  a n d  r e a d  by l a s e r s  on  d i s c s .  T h e s e  d i s c s ,  s e v e r a l  
i n c h e s  i n  d i a m e t e r ,  c a n  e a s i l y  h o l d  h u n d r e d s  of m e g a b y t e s  o f  
i n f o r m a t i o n  ( c o m p a r e d  t o  a f e w  m e g a b y t e s  f o r  s i m i l a r  s i z e  
m a g n e t i c  d i s c s ) .  I n  a d d i t i o n ,  t h e  d i s c s  c a n  b e  c o n s t r u c t e d  i n  
p r o t e c t i v e  t r a n s p a r e n t  s h e a t h s  t h a t  p r o t e c t  t hem f r o m  
d e t e r i o r a t i o n  w i t h  a g e  a n d  u s e ,  a n d  t h e y  w o u l d  b e  d i f f i c u l t  t o  
s a b o t a g e  o r  a c c i d e n t a l l y  d e s t r o y .  A t  p r e s e n t ,  r e a d - o n l y  c o m p a c t  
l a s e r  d i s c s  a r e  c o m m e r c i a l l y  a v a i l a b l e ,  made p r i m a r i l y  of  h i g h  
d e n s i t y  p o l y m e r s .  

M a g n e t i c  s t o r a g e  h a s  s e v e r a l  d i s a d v a n t a g e s ,  i n c l u d i n g :  (1) 

R e s e a r c h  t o  d e v e l o p  e r a s a b l e  a n  r e - r e c o r d a b l e  d i s c s  i s  c u r r e n t l y  
v e r y  i n t e n s e .  The  m o s t  p r o m i s i n g  m a t e r i a l s  d e v e l o p e d  f o r  s u c h  
d e v i c e s  a r e  g e r m a n i u m  a l l o y s ,  p a r t i c u l a r l y  g e r m a n i u m - t e l l u r i u m  
a l l o y s .  T h e  b a s i c  p r i n c i p l e s  of  t h e s e  p h a s e - c h a n g e  o p t i c a l  
s t o r a g e  d e v i c e s  a r e :  (1) t h e  d i s c  i s  c o a t e d  w i t h  a l a y e r  o f  
p o l y c r y s t a l l i n e  G e  a l l o y ;  ( 2 )  t o  e n c o d e  d a t a ,  v e r y  b r i e f  l a s e r  
p u l s e s  h i t  t h e  d i s c ,  and c o n v e r t  t i n y  s p o t s  o f  t h e  d r y s t a l l i n e  
a l l o y  t o  a m e t a l l i c  g l a s s ;  ( 3 )  t h e  m e t a l l i c  g l a s s  h a s  
d i f f e r e n t  o p t i c a l  p r o p e r t i e s  t h a n  t h e  c r y s t a l l i n e  a l l o y ,  a n d  t h e  
d a t a  c a n  b e  r e a d  by a l o w - i n t e n s i t y  l a s e r ;  a n d  ( 4 )  t h e  d a t a  
c a n  b e  e r a s e d  a n d  t h e  d i s c  made r e a d y  t o  a c c e p t  new d a t a  by 
u s i n g  l o n g e r  l a s e r  p u l s e s  t o  a n n e a l  t h e  m e t a l l i c  g l a s s  b a c k  t o  a 
c r y s t a l l i n e  a l l o y .  As c a n  b e  i m a g i n e d ,  e x c e e d i n g l y  f e w  
compounds  h a v e  t h e  n e c e s s a r y  p r o p e r t i e s  t o  meet t h e  many 
c o n s t r a i n t s  of t h i s  s y s t e m .  S i n c e  G a A s  l a s e r s  a r e  u s e d ,  t h e  
l i g h t  w a v e l e n g t h s  a r e  s u c h  t h a t  i t  i s  a l m o s t  c e r t a i n  t h a t  Ge 
a l l o y s  m u s t  be  u s e d  o n  t h e  d i s c s .  A c c o r d i n g  t o  p e o p l e  a t  I B M ,  
t h i s  t e c h n o l o g y  s h o u l d  become c o m m e r c i a l l y  a v a i l a b l e  i n  1 9 8 7 ,  
a n d  u l t i m a t e l y  i t  w i l l  a l r g e l y  r e p l a c e  c u r r e n t  m a g n e t i c  s t o r a g e  
m a t e r i a l s .  If, as  now p r e d i c t e d ,  g e r m a n i u m  i s  u s e d  i n  t h e s e  
d e v i c e s ,  t h e  demand f o r  G e  w i l l  r a p i d l y  r i s e  and w i l l  r e m a i n  
h i g h  f o r  many y e a r s .  



BEATY GEOLOGICAL LTD. - 30 - 

I n  1985, r o u g h l y  2 b i l l i o n  m a g n e t i c  t a p e s  a n d  d i s c s  were s o l d  i n  
t h e  U.S., as  w e l l  a s  a b o u t  400  m i l l i o n  p h o n o g r a p h  r e c o r d s .  F o r  
t h e  w o r l d ,  t h e  f i g u r e s  a r e  a b o u t  f o u r  t i n e s  a s  h i g h ,  a n d  a r e  
i n c r e a s i n g  by s e v e r a l  p e r c e n t  p e r  y e a r .  A s s u m i n g  t h a t  
r e - r e c o r d a b l e  o p t i c a l  d i s c s  a r e  a b o u t  5-1/4 i n c h e s  i n  d i a m e t e r  
a n d  h a v e  G e - a l l o y  t h i c k n e s s e s  o f  0.1 t o  1 .0  m i c r o m e t e r s ,  
a p p r o x i m a t e l y  5 t o  5 0  m e t r i c  t o n s  ( m t )  o f  G e  w o u l d  b e  u s e d  f o r  
e a c h  b i l l i o n  d i s c s .  T o  c o v e r  t h e  m a g n e t i c  s t o r a g e  demand i n  
1985, r o u g h l y  10  t o  1 0 0  m t  o f  G e  w o u l d  b e  r e q u i r e d  i n  t h e  U . S . ,  
a n d  4 0  t o  4 0 0  m t  f o r  t h e  w o r l d .  I n  1 9 9 1 ,  when o p t i c a l  s t o r a g e  
t e c h n o l o g y  s h o u l d  b e  f i r m l y  e s t a b l i s h e d ,  t h e  demand c o u l d  b e  
much g r e a t e r .  T h e s e  f i g u r e s  a r e  p r e l i m i n a r y  a n d  v e r y  r o u g h  
e s t i m a t e s ,  b u t  t h e y  d o  i n d i c a t e  t h a t  demand f o r  Ge c o u l d  r i s e  
s u b s t a n t i a l l y  i n  t h e n e x t  f e w  y e a r s  d u e  t o  t h e  u s e  o f  G e  a l l o y s  
in o p t i c a l  s t o r a g e  d i s c s .  I 

A t  t h e  moment ,  I B M  a n d  X e r o x  a p p e a r  t o  b e  t h e  l e a d i n g  U . S .  
c o m p a n i e s  d e v e l o p i n g  o p t i c a l  s t o r a g e  m a t e r i a l s ,  t h o u g h  many 
s m a l l e r  c o  mp a n i  e s a r e  a l s o  i n v o l v e d  a n d  c o u l d  p r o d u c e  
b r e a k t h r o u g h s .  A l l  o f  t h e  J a p a n e s e  e l e c t r o n i c s  c o m p a n i e s  a r e  
a l s o  i n v o l v e d  i n  i n t e n s e  r e s e a r c h ,  a n d  t h e r e  a r e  r e l i a b l e  
r e p o r t s  t h a t  w o r k i n g  p r o t o t y p e  d e v i c e s  h a v e  b e e n  p r o d u c e d .  

O t h e r  u s e s :  Germanium compounds  a r e  a l s o  u s e d  a s  p h o s p h o r s  i n  
many f l u o r e s c e n t  b u l b s .  Many e x p e r i m e n t a l  s u p e r c o n d u c t o r s  a l s o  
u s e  Ge; i f  p r a c t i c a l  s u p e r c o n d u c t o r s  u s i n g  G e  a r e  d e v e l o p e d ,  
t h i s  w o u l d  become a v e r y  h i g h  v o l u m e  u s e .  

R e s e a r c h  t o  d e v e l o p  e r a s a b l e  a n d  r e - r e c o r d a b l e  d i s c s  i s  
c u r r e n t l y  v e r y  i n t e n s e .  The  m o s t  p r o m i s i n g  m a t e r i a l s  d e v e l o p e d  
f o r  s u c h  d e v i c e s  a r e  g e  rman ium a l l o y s ,  p a r t i c u l a r l y  
g e r m a n i u m - t e l l u r i u m  a l l o y s .  T h e  b a s i c  p r i n c i p l e s  of t h e s e  
p h a s e - c h a n g e  o p t i c a l  s t o r a g e  d e v i c e s  a r e :  (1) t h e  d i s c  is 
c o a t e d  w i t h  a l a y e r  o f  p o l y c r y s t a l l i n e  G e  a l l o y ;  ( 2 )  t o  e n c o d e  
d a t a ,  v e r y  b r i e f  l a s e r  p u l s e s  h i t  t h e  d i s c ,  a n d  c o n v e r t  t i n y  
s p o t s  o f  t h e  c r y s t a l l i n e  a l l o y  t o  a m e t a l l i c  g l a s s ;  ( 3 )  t h e  
m e t a l l i c  g l a s s  h a s  d i f f e r e n t  o p t i c a l  p r o p e r t i e s  t h a n  t h e  
c r y s t a l l i n e  a l l o y ,  a n d  t h e  d a t a  c a n  b e  r e a d  by a l o w - i n t e n s i t y  
l a s e r ;  a n d  ( 4 )  t h e  d a t a  c a n  b e  e r a s e d  a n d  t h e  d i s c  made r e a d y  
t o  a c c e p t  new d a t a  by u s i n g  l o n g e r  l a s e r  p u l s e s  t o  a n n e a l  t h e  
m e t a l l i c  g l a s s  b a c k  t o  a c r y s t a l l i n e  a l l o y .  A s  c a n  b e  i m a g i n e d ,  
e x c e e d i n g l y  f e w  compounds  h a v e  t h e  n e c e s s a r y  p r o p e r t i e s  t o  meet 
t h e  many c o n s t r a i n t s  o f  t h i s  s y s t e m .  S i n c e  G a A s  l a s e r s  a r e  
u s e d ,  t h e  l i g h t  w a v e l e n g t h s  a r e  s u c h  t h a t  i t  is a l m o s t  c e r t a i n  
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t h a t  G e  a l l o y s  m u s t  be  u s e d  o n  t h e  d i s c s .  A c c o r d i n g  t o  e p o p l e  
a t  IBM, t h i s  t e c h n o l o g y  s h o u l d  become c o m m e r c i a l l y  a v a i l a b l e  i n  
1 9 8 7 ,  a n d  u l t i m a t e l y  i t  w i l l  l a r g e l y  r e p l a c e  c u r r e n t  m a g n e t i c  
s t o r a g e  m a t e r i a l s .  I f ,  a s  now p r e d i c t e d ,  g e r m a n i u m  i s  u s e d  i n  
t h e s e  d e v i c e s ,  t h e  demand f o r  G e  w i l l  r a p i d l y  r i s e  a n d  w i l l  
r emain  h i g h  f o r  many y e a r s .  

I n  1 9 8 5 ,  r o u g h l y  2 b i l l i o n  m a g n e t i c  t a p e s  a n d  d i s c s  were s o l d  i n  
t h e  U.S., a s  w e l l  a s  a b o u t  400 m i l l i o n  p h o n o g r a p h  r e c o r d s .  F o r  
t h e  w o r l d ,  t h e  f i g u r e s  a r e  a b o u t  f o u r  t imes  a s  h i g h ,  a n d  a r e  
i n c r e a s i n g  by s e v e r a l  p e r c e n t  e a c h  y e a r .  A s s u m i n g  t h a t  
r e - r e c o r d a b l e  o p t i c a l  d i s c s  a r e  a b o u t  5-114 i n c h e s  i n  d i a m e t e r  
a n d  h a v e  G e - a l l o y  t h i c k n e s s e s  o f  0 . 1  t o  1 . 0  m i c r o m e t e r s ,  
a p p r o x i m a t e l y  5 t o  5 0  m e t r i c  t o n s  ( m t )  o f  G e  w o u l d  b e  u s e d  f o r  
e a c h  b i l l i o n  d i s c s .  To c o v e r  t h e  m a g n e t i c  s t o r a g e  demand i n  I 

1985 ,  r o u g h l y  1 0  t o  100 m t  o f  Ge w o u l d  b e  r e q u i r e d  i n  t h e  U . S . ,  
a n d  4 0  t o  400 m t  f o r  t h e  w o r l d .  I n  1 9 9 1 ,  when o p t i c a l  s t o r a g e  
t e c h n o l o g y  s h o u l d  b e  f i r m l y  e s t a b l i s h e d ,  t h e  demand c o u l d  b e  
much g r e a t e r .  T h e s e  f i g u r e s  a r e  p r e l i m i n a r y  a n d  v e r y  r o u g h  
e s t i m a t e s ,  b u t  t h e y  do  i n d i c a t e  t h a t  demand f o r  G e  c o u l d  r i s e  
s u b s t a n t i a l l y  i n  t h e  n e x t  f e w  y e a r s  d u e  t o  t h e  u s e  o f  G e  a l l o y s  
i n  o p t i c a l  s t o r a g e  d i s c s .  

A t  t h e  moment ,  IBM a n d  X e r o x  a p p e a r  t o  b e  t h e  l e a d i n g  U.S. 
c o m p a n i e s  d e v e l o p i n g  o p t i c a l  s t o r a g e  m a t e r i a l s ,  t h o u g h  many 
s m a l l e r  c o m p a n i e s  a r e  a l s o  i n v o l v e d  a n d  c o u l d  p r o d u c e  
b r e a k t h r o u g h s .  A l l  o f  t h e  J a p a n e s e  e l e c t r o n i c s  c o m p a n i e s  a r e  
a l s o  i n v o l v e d  i n  i n t e n s e  r e s e a r c h ,  a n d  t h e r e  a r e  r e l i a b l e  
r e p o r t s  t h a t  w o r k i n g  p r o t o t y p e  d e v i c e s  h a v e  b e e n  p r o d u c e d .  

O t h e r  u s e s :  Germanium compounds  a r e  a l s o  u s e d  as  p h o s p h o r s  i n  
many f l u o r e s c e n t  b u l b s .  Many e x p e r i m e n t a l  s u p e r c o n d u c t o r s  a l s o  
u s e  G e ;  if p r a c t i c a l  s u p e r c o n d u c t o r s  u s i n g  G e  a r e  d e v e l o p e d ,  
t h i s  w o u l d  become a v e r y  h i g h  v o l u m e  u s e .  Germanium i s  
i n c r e a s i n g l y  b e i n g  u s e d  a s  a n  a d d i t i v e  i n  o p t i c a l  g l a s s ,  t o  
i n c r e a s e  t h e  r e f r a c t i v e  i n d e x ;  t h i s  u s e  i s  f a i r l y  p r i c e  
s e n s i t i v e .  I n  a d d i t i o n ,  some b a r i u m - g e r m a n i u m  compounds  a r e  
i n c r e a s i n g l y  u s e d  i n  m e d i c a l  d i a g n o s t i c  t e c h n i q u e s .  

O u t l o o k  - N e a r l y  a l l  t h e  u s e s  m e n t i o n e d  a b o v e  a r e  e x p e c t e d  t o  
k e e p  i n c r e a s i n g  t h r o u g h  t h e  r e s t  of  t h e  c e n t u r y .  Germanium 
demand f o r  c a t a l y s t s ,  f i b e r  o p t i c s ,  m e d i c i n e s ,  a n d  o p t i c a l  
s t o r a g e  d e v i c e s  c o u l d  i n c r e a s e  s u b s t a n t i a l l y  i n  t h e  n e x t  f e w  
y e a r s .  I m p o r t a n t l y ,  a n y  i n c r e a s e  i n  s u p p l i e s  a n d  d e c r e a s e  i n  
p r i c e s  c o u l d  g r e a t l y  e x p a n d  a l l  of  t h e s e  m a r k e t s .  I f  a d v a n c e s  
a r e  made i n  Ge-based  s u p e r c o n d u c t o r s ,  t h i s  c o u l d  p r o v i d e  a l a r g e  
market i n  t h e  long term (10  t o  20 y e a r s ) .  The c u r r e n t  lack of 
e x p l o r a t i o n  a c t i v i t y  f o r  G e ,  c o m b i n e d  w i t h  u n c e r t a i n  b y - p r o d u c t  
p r o d u c t i o n  f r o m  z i n c  d e p o s i t s ,  p r o v i d e s  a n  e x c e l l e n t  o p p o r t u n i t y  
t o  f i n d  l a r g e  new d e p o s i t s  t h a t  w o u l d  c o m p e t e  s u c c e s s f u l l y  
a g a i n s t  o t h e r  s u p p l i e r s .  
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APPENDIX I11 ---.--------- 

STATEMENT OF COSTS 

Wages: 
*Geologists $ 8 , 8 7 0 . 0 0  

2 , 2 1 7 . 5 0  ----------- + 2 5 %  expenses 
Assays 
Supplies 
Maps - Reports $ 5 0 0 . 1 9  

----------- 1 5 6 . 5 8  
Truck rental - 2 1  days @ $ 4 5  
Telephone 
Photocopy 3 . 2 0  

Secretarial 

Accounting 
Drafting 
Expense Accounts 

Courier 

10% Administration 

$ 1 1 , 0 8 7 . 5 0  
1 , 0 5 8 . 6 0  

4 8 3 . 8 5  

6 5 6 . 7 7  
9 4 5 . 0 0  

3 1 . 3 9  f 

5 8 . 1 8  

5 3 0 . 0 0  
3 2 0 . 0 0  
9 0 6 . 0 0  

$ 1 7 , 0 2 8 . 1 5  

* D.G. Leighton NOV. 1 6 - 2 7  1 2  days 
Dec. 2 - 5 ,  9 - 1 5  11 days ------- 

2 3  days @ $ 2 5 0  $ 5 , 7 5 0  
1 , 5 6 0  
1 , 5 6 0  

$ 8 , 8 7 0  

G . A .  Addie N O V .  1 6 - 2 7  1 2  days @ $ 1 3 0  
J.L. Knox N ~ v .  16-27 12 days @ $130 --__---- 










